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Smithsonian Institutions 
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In accordance with motion of the Revised Statutes of the 
United States, [ have the honor, in behalf nf the Board of Regents, 
to submit to Congress the annual report of the operations, espeTuli- 
tnres h, and condition of the SMthwnlain institution for the yeaj- 
ending June SO, 1925. I hove the honor tolie;* * 

Very respectfully, your obedient servant, 
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REPORT 


QT THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

Chaulha D. Walcott 

FOR THE YEAR ENDING JUNE 30 p 1925 


2*0 the Romd of Regents of the Srnittixmihu* Institution; 

Ge^tTxIisik^: I hiive the honor to submit herewith the customary 
annual report showing the activities and condition of the Smith- 
soman Institution and the Government bureaus under its ad pain is- 
trative charge during the fiscal year ending June 30, 1028* The first 
27 pages of the report contain an account of the affairs of the Insti¬ 
tution, and tn Appendixes 1 tit 10 are given more detailed summaries 
of the operations of the United States National Museum, the Na¬ 
tional Gallery of Art, the Freer Gallery of Art- the Bureau of 
American Ethnology, the International Exchanges, the National 
Zoological Park, the Astrophysics! Observatory, the United States 
Regional Bureau of the International Catalogue of Scientific Litera¬ 
ture, the Smiths intnti Library, and of the publications Issued under 
the direction of the Institution. 

THE SMITHSONIAN INSTITUTION 

THE ESTABLISHMENT 

The Smithsonian Institution was created by act of Congress in 
3SIG, according to the term* of the will of James Smithson, of Eng¬ 
land* who in 182)6 bequeathed lib property to the United Sfatqs of 
America, tt to found at Washington, under the name of lhe Smith- 
sonku Institution, an establish me fit for the increase and diffusion of 
knowledge among men*” In receiving the property and accepting 
the trust, Congress determined that the Federal Government was 
without authority to administer the trust directly, and therefore 
constituted an u establishment” whose statutory members are “the 
President, the Tice President, the Chief Justice, and the heads of 
I he executive departments/ 31 
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2 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1025 

TOE BOARD OF REGENTS 

The affairs of the Institution are administered by ti Board nf 
Regents whose membership consists of XjL the Vice President, the 
Chief Justice three Members of the Senate, And three Members of 
tlw House of Representatives, together with six other persons other 
than Members of Congress, two of whom shall be resident in the 
city of Washington, and the other four shall be inhabitants of some 
State, but no two of them of the same State.' 11 One of the Regents 
is elected chancellor by the board; in the past the selection has fallen 
upon the Vice President or the Chief Justice; and a suitable person is 
chosen by the Regents ns secretary of the Institution, who is also 
secretary of the Board of Regents and the executive officer directly 
in charge of the Institution's activities. 

The following changes occurred in the personnel of tho board 
during the year: The Hon. Charles G r Dawes* as Vice President, be¬ 
came nn March 4, |E25 t a Regent of the Institution ex officio. Sena¬ 
tor Reed Smoot, of Utah, was appointed a Regent on Decemlter 2, 
U&24, to succeed Senator Henry Cabot Lodge, deceased* Senator 
George Wharton Pepper, of Pennsylvania, was appointed a mem¬ 
ber of the board on December tt. 1924, to succeed Senator Medill Me- 
Cormirk, resigned. Senator Wondbrklge X. Ferris, of Michigan, 
was appointed on March H, 1925, to succeed Senator A. Owsley 
Stanley, whose term as a Regent expired with his retirement from 
the Senate. 

The roll of Regents at vhc dose of the fiscal year was ns follows: 
William II. Taft, Chief Justice of the United States, chancellor; 
Charles CL Dawes, Vice President of the United States; members 
from the Senate, Reed Smoot, George Wharton Pepper. Woodbrldge 
X, Ferris; members from the House of Re present a lives, Albert 
Johnson, R Walton Moore, Walter IL Kewton: citizen members* 
George Gray, Delaware; Charles F. Choate, jr. t Massachusetts; 
Henry White, Washington, B, G. j Robert Brookings, Missouri; 
Irwin B. Laughlin, Pennsylvania; and Frederic A. Delano, Wash¬ 
ington, D; C. 

GENERAL CONSIDERATIONS 

The past year marks a crisis in the affairs of the Institution. For 
several years past it has grown more and more difficult tu stretch 
the income from its meager endowment sufficiently to cover the 
steadily increasing costs of even the limited amount of research 
which can be undertaken and of the administration nf the eight 
growing Government bureaus. The cost of publishing is more than 
twice that of 10 yours ago, which has resulted in materially de¬ 
creasing the output of Smithsonian publications. The research work 
of the Institution is now limited practically to the paleontological 
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work of your secretary and the work on tlie solar constant of radia¬ 
tion under Doctor Abbotfs direct ion, and both of these investigations 
am partially supported by private financial aid. The Institution 
lias for several years been undermanned, and the ordinary running 
expenses ai'e met only by the exercise of rigid economy. 

This condition has been recognized for some years, and attempts 
have been made from time to time to increase the endowment. Kill 
during the past year the situation has become acute* and it has been 
realized that without a marked increase in the Institution's resources 
it would no longer bo able to hold its place among the great research 
institutions of the present day, the annual income of several of which 
i* greater than the Smithsonian's entire endowment. If allowed to 
go on under these cireuinstances, the Smithsonian, America's na- 
l-ional scientific establishment, which was the guiding light during 
the formative period of scientific activity in this country, and whirl l 
hati been the parent of most of the present groat scientific bureaus of 
the Government would be relegated to second or third rank, and its 
world-wide reputation os a center of scientific effort in America 
would rapidly diminish, 

^ ith a definite realization of these facts, the administration of 
Hie Institution has concentrated during the year upon a direct effort 
to increase its resources, and by the dose of the year several plans 
were under way and one definite step had been taken toward that 
ruih An agreement was entered into with the William T. De ^ un 
Corporation, of Jfew York, to issue a series of popular sden- 
lific books, to tie known as the Smithsonian Scientific Series, a 
project similar in general plan to the Chronicles of America series, 
published by the Yale University Press, which proved so soccer 
ful under Mr. De Van’s direction. In the Smithsonian series it 
is intended to present in readable form* and profusely ilhi.st rated, the 
activities of the Institution and the bureaus under its direction in 
many branches of science. The series will consist of 20 volumes, and 
the following tentative titles of a few will indicate their nature: 


Sun Huy* in the Welfare of Man* 
Msm s Origin anil Xfcmiciiimeat* 
Meteorites, and Stouea, 
North Ainerican ladluiiE. 

The Slimy <if Out Seas, 
and Their Way** 


1 he preparation of manuscripts was well under way nt the close 
jd she year, and it is hoped llmi before very long the sale of these 
“ioks will add materially to the Institution's annual Income. Two 
' j t her projects* each holding promise of a large increase of endow* 
menu won* under consideration* but final action bad not been taken 
h y June 30j and their discussion at this time would be premature. 
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However, it is believed that a* n result of the concerted effort of the 
udmlmstratidn the outlook for ihc future i$ brighter regarding the 
possibility of increased resources for research and publication. 

FINANCES 

The permanent Investment* of ihe Institution consist of the fol¬ 
lowing: 

Deposited la the Treasury 0 t the United State*—,____WKi. WO. Gq 

OONBUU3UXSD TUffD 

MlticelljmcoQn securities, etc., either purchased or ueiialreil by 

Kirt: cost or value At date acquired-----213,380.00 

Charles D. atal Mary Vatu Walcott research fund, stock (gift) ; 
value ™———-—--———— -- 11, 520, 00 

The sums invested for each specific fund or securities, etc,, ac¬ 
quired by gift are described as follows: 


Fund 

States 

TrtMLjry 

CdfwU- 

i’UiuhI 

[LLlld 

Watwu 

I^WlTEh 

fuijij 

Tot^il 

Aitbt riawl-. _... .. 

Virnau- i h urJ t Hoi** fuEi«! -- ...... _ 


03,372.03 

i. sat on 
aAuoaoi 


*40,0^^ 

i.mmw 

Lticy II. H^JFij Jain! ... . ......^_. 

rhnjiLhifirljiln (mad. .. 

. . ™. 


uattfi load_ .. . .. ..;: 

500l BO 

twflj 

■ !»■ ■ ■ ■»#»<■■■ 

3^004 0D 

llitiiDusui ftrtd. —_____........_. 

i’wrcUTW HfliiTF fund.......... 

felodekicia funJ r i-fliva-al... 

,'Ouoo 


■TOO. DQ 
3, OH DO 
J.ia.^3 

iidirnio 

im,wkm 

I,KZL» 

' - -i 

1 iAlytlEia fiiiKl a)ted he...... ----- -- 

Ilrisi r IlEi^hiu fuLfcil r ------ 

MofTtF LwbfrarL... . . . 

X7i.2pAOO 

r ■ # -H 

lia^i-oo 

ini jmn Jail 


K IKi If 
JUtHUO 
3S7.34 
fiiias 


,k 1 ■ J. IftAA 

P.-S3BLO0 

Lucy T. it J Ctensrie ii . Poore hmd..... 

Addison T. Rdd (ufltl............. 

3ft, wo, oft 
U.owuu 

r.ifx li.i 

1.300. W3 

■ ■ 

tm. 00 
MU&ll-fi 

Tihreq fund.... __ . _ 

™>” .^-r- 

17. m 10 

<hw<rw 31 . Saal^ail fand...._ 

t......._ pt 

017. J4 

StfiiiSurHi rujiil .. _ T .,. T _.„„ . * 


L7lDh?3a 
rjV,HK7-l 
i 1. -ttft. nn 

Cbv!» Ur Md Wary Vim Wiikou resrureti fiiitf .., 


■iii.'taTm 

TtoUl- __ . ... 

1. OOQl qdcl 00 

■o T*in i/i 


i.i^mAQ 
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The Institution gratefully acknowledges gifts from the following 

demurs: 


Dr. William L. Abbott fur botanical expedition lo Haiti. 

TLe Buffalo Sodciy of Natural Sciences, for eipodUiou to .*uutliDrc A*ia 
Java, Australia, nnd Africa ( lltdlk^caj. 

National Academy of Mcnees. for researches in palccntolo^r. 

Itescarcb Corporation. for research w ork. 

Dr. Ghmlm W. Richmond and Dr. WUUam Bduu*. fur collecting expedition 

In Chinn. 

Jlr. Jubn A. liocblln^ for mlnr rcacarcbEta. etc. 

Mr, B, H. Swales, fur purchase of linens. 

The Institution has also received contributions from the followhc 
friends for the funds as listed below: b 


CMieml tnduwment fund: W«H Atm* C. EIimsAn, Hr Ji n „ „ 

Poor. Prof* at* V- Walker, tied Mr. Llntm Wilkeru ' ' Mr ‘ s - 

Endowment campaign expense fund i Mr, Milton E \Hc* \i- In 
Choate, Jr., Hr. Charles a Otow, jr. p Mr, Irwin II, l^ ngfaL ' ,1 It % * 
William Howard Tatt " nd ^ Hoa - 
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Smithsonian Scientific Mm Martha W. Bacon, Mr. Edward 3. 

Hnrknesa, Mr. Clarence H. Macksy, the Radio Corporal tun of America ami 
Mr. Samuel Rea. 

Prefer GalUry of Art .—The invested funds of the Freer bequest 
are classified as follows: 

Court Bud fntttDdfl fun0__„_ _ __ __ (£73>323. fiO 

Court and k ronnda, maintenance fund _ _____ flB, G8&?fi 

Curator^ fund- -- __ .. _,___ 27S, 325.60 

Rcstdimry legacy —^- -™—_ _ _ 2,07^232.75 

Sinking fund _™ __ M ____ 222/1153.75 

Tolnl ----™--- 3, MG*220, 25 

The practice of depositing on time, in local trust companies and 
hanks* such revenues as may bo spared temporarily has been con¬ 
tinued during the past year, and interest on these deposits has 
amounted to $1,610-15. The income during the year for current ex¬ 
penses. consisting of interest on permanent investments and other 
miscellaneous sources, amounted to $62,507.06; revenues and prin¬ 
cipal of funds for specific purposes, except the Freer bequest, 
amounted to $146,252.88; revenues on account of Freer bequest 
amounted to $231,073.64— aggregating $441,833.58. 

The disbursements, described more fully in the annual report of 
the executive committee, were classed os follows: General objects of 
the Institution. $59,921*20; for specific purposes (except the Freer 
bequest), $128,334*53; and expenditures pertaining to the Charles L* 
Freer bequest, $18-1*100.26- The balance on hand on June 30* 1925, 
was $171,052.75* 

The following appropriations were made by Congress for the 
Government bureaus under the administrative charge of the Smith- 
.soman Institution for the fiscal year 1925: 

Interna tlairal exchu nee s - - , ---- , _______ £j0 ( 550.00 

American ethnology--— -___._ 57,100,00 

international Catalogue of Scientific Literature. __ _ 3,34*1.30 

Aitrophydcsl OftBermtOry --- _ 21, 5S0.00 

Additional assistant NGHtur?- ——. _——_ _ (k 000.00 

AiPlltlwmi fire protection. -• --,--___- 3. f«00. 00 

NaUnmtf Museum; 

Furniture ond fixtures. — -_.__ (21, 300.00 

BMriqg and lighting --__ -- TT.QOELOO 

Preservation uf coflecttaw- __ —. _ 

Ha I Ming repairs - --- -__ 11,000.00 

Bookfl -— — —- - —- - —- 2,000.00 

rontfLge — ----- -- i _ 4TiO.00 

- - - 347,202.00 

National gallery of Art-- -- ... _ 20,15SL0P 

National EooloeteaE Park- ---——-—__ 151,487,00 

Printing and Maadliw ----— - -- no, 000-00 

Total - -----——--- - -- r-n^J, 0H(t, no 

73041—26 - 2* 
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BUaKABUHHS AND EXPLORATIONS 

An important part of the Institution’# work in increasing scientific 
knowledge is the exploration of regions imperfectly known to science. 
Although the limited funds of the Institution sharply restrict the 
number of expeditions which it is able to put in the field f neverthe¬ 
less it is often found mutually advantageous to cooperate with other 
agencies in field work, and the Institution thus has an interest in a 
considerable number of expeditions each year. Many of them arc 
conducted under the direct supervision of the heads of several of 
the bureaus tinder the Institution* and accounts of these will lie 
found in the reports appended hereto on the National Museum, the 
Bureau of American Ethnology, am? the Astro physical Observatory. 
A few of the expeditions will here he described briefly, in order to 
give an indication of the nature of the work undertaken, 

GEOLOGICAL EXPLORATION8 IN THE CANADIAN ROCKIES 

During the field season of 11EM* your secretary carried on his usual 
geological work in the Canadian Rocky Mountains, with the intern 
lion of completing the reconnaissance begun some years ago of the 
pro-Devonian formations north of the How Valley. The weather 
was unusually unfavorable, and on 42 days out of the season it 
was very difficult and sometimes Impossible to carry on the field 
work. The chief problem attacked was the determination of the 
proper classification of the great LyeU limestones. In order to 
solve this it was accessary to find fossils in them, and during the 
past six seasons all such attempts were unsuccessful. 

A section was measured from Fossil Mountain, situated northeast 
of Lake Louise station on the Canadian Pacific Railway* eastward 
into Oyster Mountain* the main north and south ridge of which w m 
found to be formed of the LyeU limestones. Two glacial cirques, 
named Cotton Grass and Tilted Mountain, cut deeply into this ridge, 
and in these the base of the Lyell formation was uncovered* as? well 
as the shales and oolitic limestones of the underlying Rosworth 
formation- The brook running out of the glacial lake in the bottom 
of the southern cirque was followed over the ledges of Lycll lime 
stone westward to Tilted Mountain Fulls, where it drops into the 
canyon valley of upper Baber Creek* Everywhere the hard, un- 
fossiliferous, light gray limestone was encountered, except near the 
edge of the cliffs above and east of the falls, where Jong narrow 
strips covered with grass and trees occur between the north and 
south ledges. An approach was made from the southern bank of 
the brook* and on a rounded* glaciated ridge of the gray magnesian 
LyeU limestone there was found, inter bedded in the LyeU, mi out- 
crop of thin layers of a bluish-gray limestone which contained frag- 
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meats of Upper Cambrian trilobites. The nest day these layers 
were traced back to the brook, and a little lower in the action we 
found t*vo hands of shale and bluish-gray limestone which contained 
fossils. The lower of the two contained many fragments of Lri In¬ 
bites, which were later identified as closely related to Upper Cam¬ 
brian Franconia triJobites from Wisconsin s and the upper band 
contained fossils of the same type els the fauna of the St. Lawrence 
member of the Trempeanloau formation of Wisconsin. Thus after 
a search occupying a portion or several field seasons, fossils were 
found which definitely located the Lye 11 limestones as of Upper 
Cambrian age. 

After the Lyell problem was definitely settled* further collections 
of fossils were made in the Ozarkian upper Mods limestones of 
Fossil Mountain, and later in the Mons formations of Wild Flower 
Canyon, which heads on Johnston Creek Pass. 

During llie past eight seasons considerable progress has been 
made In the understanding of tie? pre-Devonian geological forma¬ 
tions and their faunas in the Canadian Rocky Mountains, but much 
remains to be done, particularly in the region between the Canadian 
Pacific Hallway and the Arctic Ocean. 

ZOOLOGICAL EXULTATIONS EN WESTERN CHINA 

In my lust report mention was made of the tragic ending of the 
Institutions collecting expedition in China conducted under the 
auspices of Dr. W. L. Abbott* Mr. Charles M. Hoy, in charge of 
the work, following a Herb s of misfortunes, was stricken with a 
severe case uf appendicitis, and died shortly after* In order that 
Hoy's work might be continued, his collecting outfit was transferred 
lo the Rev. David C* Graham, who for a number of years has col¬ 
lected zoological material in the vicinity of Suifu for the National 
Museum. In 1923 he had carried out very successful collecting 
operations in the region about Tnltdenlii, to the northwest of Suifu. 
and in May, plans were completed for an expedition to Song- 
pan, in the northern part of the Province of Szechwan, using Hoy s 
outfit. 

The distance from Suifu to Songpan was about 400 miles, and in 
order to keep down expenses Mr. Graham covered most of this 
distance on foot. His party, including carriers* skinners, and other 
helpers, reached Songpan on July 14, after a strenuous journey of 

days. In September Mr. Graham wrote as follows: 

Tht‘ Songpaa trip has be&a takco, and we are aafuly at Sulfa with &d boxes 
cpf specLmctitt, mm t of which are about ready to he mailed by parcel post. 

This has been n tinnier and rougher trip than the one of TatslenEa or aoj 
f niter prerloiu irlp. It ta much harttar to secure food and other ims&ltlec 
around SocKpaa than at Tatsfcalu, There were times whoa we could pot- 


8 ANNUAL BEFOUT SMITHSONIAN INSTI T UTIO N f Ifl£5 

irliAJie no fruit, Tefittab^ em nr mnL At .Snninwu It wnw Impossibly to go 
wtwt or north, where large mninmnls were found In abundance so that the onty 
place- we could ro was e£el io the Yellow Dragon Gorge. Even there wn had 
to hove mu escort of six Chinese soldiers and hnd of course to pay All their 
pxpeoHe#, * * * 

TIitf reciHoii we could not go north of Soagpaa or west n t that pi nee was 
that the BoSotsi aborljtiD^i nro so saint ge nod ho Inclined to murder and 
Orkandnse that the Chinese eon not control them and ore afraid of them H 
nnd the oHIdabt could not protect hs in thofo rrpSonp, Just before wo returned 
from Sonpi>tin the BcfotAbi a linefeed n company of Chinese aoldlora, klllptl ner- 
itAl of their number* stole HHveml rifles, and droee |he scared and defeated 
soldiers back to their barracks, I have not heard that the Chinese Imre 
riared to go into the Bolotsi country with a punitive* expedition, 

Th? lM itch of iniiiiimnIs Is not Jnrge. We are very sorry almnt this. It L* 
line primarily to the fact that She mammal-catching dl^tidcta around Saugus* ti 
were closed to ha bellow Dragon Gorge was a fine place for birds And 
insects* but a grent f estiva I had just been held there. In which aborigine and 
< hmit&m from all directions had Joined in the rhaw h and woodctiIters 

were busy In the wood* eutttmt timber for the new temples that are beinpE 
rtmotructed. The mftumtnls Lmd been «ued awny. 

Mr + Graham also sent native col lectors out to work in other 
re^iom?. and regarding their work he says; 

This yeAr h s? catch 1 r blttger than that of last yenr. There are ftO boies of 
Hpeelmem? on band, and I expoct to send them off by parcel post as early a* 
posable. HesiduH the 00 boxes Just mentioned, there is the entire catch of the 
netter Ho for at least three months, who has boon collecting about Boh Loh 
pin^ Cbeagtfl, and Kuannhlen during the Fanimer,, and upedmens tnjw being 
sACttred by two collectors on Mount Oinel T one ni Shin is a l BL and one on the 
higher aUiludeSr 

The collections resulting from the season’s work include about 
'>,000 insects, notably two-wingftd flies, butterflies, and moths; !»3S 
birds, of which at least a dozen proved to be new to the Museum 
collections; about 250 mol tasks; and a smaller number of mammals, 
fishes, reptiles and bat inch inns, earthworms, and plants, 

HXTAinOAL EXFUOKATION IK PANAMA ANII COSTA SICA 

Mr. Paul C, Stand Icy, assoriate curator of the division of plants. 
United States National Museum, cia'»pd in botanical exploration 
during the latter part of 15)23 and the first four months of 1924 in 
Panama and Costa Rica. The work in Panama was carried on with 
the cooperation of the government of the Panama Canal, and had 
for its purpose the collection of specimens and data for a report on 
the plant life of the Canal Zone which will be published later. 
Regarding the exploration in Panama, Mr, Standley writes: 

Part of November, Ikwcit^r, nnd moat of Jnnuary were spent | q botanical 
exploration to ami near the Zone. Nearly all part* of this area were vluliril 
and i.liOO numbers «f plant* were obtained, repRsettted by about twice ns 
many specimens. These collection* are now belns studied and have been 
found to contain a number of specie-* new to telenet, teuldw many not col¬ 
lected previously Jn the a™. 
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Thu vegetation of the Zone in typical of that existing Ln Central America 
■t low elevation hut It La here pebble to study io du^e proximity thm floras 
of the Atlantic and Pacific slopes, these -floras being sharply differentiated In 
Central America becaima of differences In the elinuiEe* of the two watershed*, 
Tlie Pacific slope bn.-i wall defined wot and dry seasons: m the Atlantic: slope 
there Is usually iitehtiful main Lure throughout the year. 

Although the original vegetadon of the Miming of Panama ham been greatly 
modlfl ed in many places been use of Ions occupation by man, and especially 
because of Ofpentlrpojt incident to the eon>traction and management of the 
canal, there remain near the canal extensive arena of virgin forest whuma 
mlmtl and plant life Is of great Interest. Advantage ham been taken o f thte 
fact to establish rereutly a station lor trupkal Hclenlide research on Burra 
Colorado Island th Catnn Lake h the inland having been get aside for the pur- 
poge by the governor of the canal. Upon this Inland, largely as a result of 
the energy unihu^nmm of Mr + James Zetek, there ham been constructed 
thle year a laboratory building with accommodations for students, and trails 
have been cut to make the virgin forest, which covers several hundred acres, 
available for study., 

From Panama, Mr. Staudley proceeded to Costa Rica, where lie 
spent two and one-half months In botanical exploration and col¬ 
lecting* Costa Rica is, from a botanical standpoint, probably the 
richest part of the North American continent, and in the highland 
region, where a temperate rather than tropical climate prevails, the 
luxuriance and variety of the vegetation is extraordinary. Of the 
Costa Rica work, Mr. Standby reports; 

The collection ceramist* of Xjm numbers of plants, many of which will doubt* 
tesa prove to be new. Special attention was given to the orchids, of which 
about 1 h G 00 numiiere were obtained These are now being atudied by Mr. 
Gflkem Anil'S, lhrough whore Interest the work In Costa Klcu wu* undertaken, 
of urclihls Col-:i a iilea posseames probably it larger number of species than 
any other port loti of the American tropics Of equal extent. Over 1,000 species 
hnve l*?eu reported from this! small Republic, and ft Is curtain that many 
more await discovery. While Coat* Itkam orehlda, Like those of other 
coum Hes, have Inconmpiemmri flowers, some, snch as the CatHeyas, ure of un. 
.-urjiii.s«ed beauty. 

Visits were made to the Volcano of pnaa, celebrated for Eta great crater, 
which contains a lake Ural erupts frequently; re the Volcano of Turrlaiha, 
whu&g forests ore noted for their wealth of ferns; and to many other rich 
Local hie* In the central highlands. 

A short vShJl to tbe comparatively arid Pacific coast proved that the flora 
of this part of Gi^ta Rka is relathuly meager and uninteresting, .Several 
visits were made to the wet lowland fore*te of the Atlantic watershed. where 
the vegetation is even more tux indent than In the mountain* and the tqiecieg 
are almost equally iwmenn^. Little Jm known of the plants of the A tin a tie 
lowlands of Central America, although It Is probably that do other region 
will better reward exploration. 

AHCHEoMlUlCAL 1T4>1 TP i N TtJ CHINA 

An expedition to Chin* under the joint auspices of the Freer 
Gallery of Art and tire Museum of Fine Arts, Boston, and directed 


io 
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by Mr. Car) Whiting Bishop, associate curator of the Freer Gal¬ 
lery, conducted successful archeological Investigations at I Chou, 
Province of Chihli, and at various localities In the Province of 
Shensi. To the southwest of I Chou, which is built upon the ruins 
uf an ancient city, Mr. Bishop discovered parte of old earl hen 
walls of considerable ske, and to the cast of the city were found 
groups of large mounds rising from the plain. These were exam¬ 
ined 3 and many fragments of pottery and tile collected on the sur¬ 
face of the mounds. A survey of the locality was made by airplane, 
in order to determine the extent and plan of the ancient site- 

Although the work of this expedition commenced during the 
previous fiscal year* it was continued into the present year; and, 
as no detailed account was given in my last report, I will quote a 
few paragraphs from the report of the curator of the Freer Gallery 
upon the work at Shensi i 

In Shensi the members of ihe field stall visited the Western Han (200 
B. C.—A. D. 25] capital of Ch’anc-OD, securing sufficient data while There In 
make n fair reconid ruction of ihe ancient city, In Uie Haute Province they 
Inspected also two lorue monads of the usual truncated pyrotaJdnl form, As¬ 
cribed lo early II un emperors; the supposed tomb of the Emperor Cb’ln Shlli 
UumiK-tl (221-210 B.C.). and the toiubs of the famous Emperor Eau >Vu 
Tl (MO-ST B, C. h a ad his General Ho CFil-pdihiJ. The tomb of Han Wu Tl 
1 h no uuu&ualJy Large one, mcMuring yard- at Us base, and |iresents 
i.jpportuillLies* of groat archeological Interest, as tloos aLhu that of General 
Ho Ch'O-plng* where Mr, Ittnbup ^rw not only the w^li-known stone figure 

a barwe trampling on a mrumbenl warrior hut examined rIpo several other 
imrtUlJy exposed atone wiiptQres of the early IIan | ter tod. Photographs and 
scale plans of several of the tombs and temple* In this vicinity were made. 

The find actual excavation work conducted by the expedition was begun 
In the spring of this year m Vll ho €b£n, about IT miles weist of Haln-yang 
Chon, In the Proving of Honan, This specific undertaking has an added sfig- 
ijlficaace archctitorft&lly. in that It Is the OthE work of The kind lo be con¬ 
ducted Ln China by any foreign Government Ln eoeperation with the Chinese 
authorlLie*. At ITbhu Chen two tomb* of the Han Elynnsty (2GB B. C + — A r D. 
221) were excavated;. the work revealed intore-stlag data on ancient loath 
const ruction, am! brtjughi io light Chinese cultural objects dating from pre¬ 
historic lime* to the Hem pcrliKl- Specimens in metal, stone, jind pottery 
were fonud Ln the lombs; din riot tilting*, mirrors, and arrow ijolut* of bronze; 
nine or two gold rlng^ eut-lnti implements i a stone ax. and parts of stone 
doors nnd llnieln; a jade chinel; slate arrow heads, and a number of ph-ee* 
Hkf ancient pottery— SE>me InEiu'i, some fragmentary — among them n kind of 
glazed pottery which. If It lie of Han production, la a typo hltherio scarcely 
known to ujs. 

lu August the YD-ba ChC-n finds wore exhibited for one day, under Mr. 
Bishop's direct!on, at the HLstorldtl Museum In Peking; bntv.ce>j fi.fJOO and 
g.OOO visitors attended the exhibit. 

In the early autumn Air, Hinhop. together with Doctor Barbour* professor 
of geology at Poking UnlrersSty. and Doctor Teganwren, n Swedhh mining 
geeiogint, Hiwlwd a mound in Pultaiho, un the Gulf of Chihli, which dls- 
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iilosca evidence? of what Mr Ekdiop hell wen to 1w n Hnn dyuaaty naval turn 
or fortress; one of throe which are sold to have boen built at that lime, itnii 
of which two only hove been located. 

MARSH-ChUtrET EsrEDtTtO'N 

An expedition under the auspices of Mr* H. O. Marsh explored 
during u part of Itt24 the little-known Isthmus of in 

Bttmima. A number of men representing several insti tut ions and 
vnrions branches of science accompanied the expedition at the iuvi- 
huiun of Mr. Marsh, the Smithsonian Institution being represented 
by Mr, John L* Baer, who was particularly interested in the 
anthropological phase of the work. This expedition, like that of 
Mr. Iloy mentioned in last year’s report^ had a tragic ending, so 
far as the Institution wns concerned! for while the party was pro¬ 
ceeding up the Chucunaque River Mr + Baer was taken suddenly 
ill T and, although hurriedly transported to the coast, he died within 
a few days; 

A brief report of the work of the expedition, written by the head 
curator of unthroyKjlogy of the National Museum, reads in part as 
follows: 

The route followed was ftom llalbuu to Sun Ii3yukd Buy, XJurlen 

Harbor, uial up the Tayra lilv-er to the village of Real. There a change wan 
made to Hmllkr boats anil the Ido Chuconagne ascended to tavisa. near which 
a oemuncut tamp was established. A vLdt wa* made to the CliOco Indians, 
who occupy the middle' river valley« above tidewater. ami to the Cun a, wlm 
live in the higher river valley a and mountain district. The CIiocej have u 
ltK.nl government, live in JllE" i_ r e, well-built coumiuiUty bou^ r and subsist ou 
rlre, Imnaaa^ plutuii^i tern, nnd yuan. They ;iro export flihcrman* diving 
tain deep pools and catching certain kbada of rook Hah In their hands. Their 
rvUgloii la a form of primitive belief In the influence of good und bail spirits. 
Mr. Marsh observes that they are a happy, careUsa, eklltlUke people, friendly 
If Well treated* very Poly net L.iu-like, wearing bree^h-dotha* bin decora ted with 
beads, silver earrings, and wrist bandy, anil wreaths of gay llowm. 

The Cmm have a higher unit are than the Ckoeo + are monogaiuoaH, have 
hereditary chiefs; lu mi lies have separate houses. and large houses are used 
tor tribal meetings anti ceremonies. They rai« lobg^tapto tree cotton* dye 
and weave eoUou Into doth and httimi^K grow Cora, plttnlalikH, bananas, 
yucca, coffee, chocolate, and nuyar cane- They are adepts with the bow and 
arrow and biuwgun. 

The iHirijf pnxsednd up the Chucunagde Elver with groat difficulty* owing 
to barriers of drift logs, at last reaching ibe Cunus Bravos, who were regarded 
H4 hostile, The Conns Fraven are agriculturalists and exhibit n lower degree 
of l allure than the Cunit-s of the lower river. The chief of the ClUUU Bravos 
spoke good English* having as a young run a Li hipped at Colon on an Eng dab 
vessel* and in 12 years had sailed over half the world it was at this point 
that John L_ Earn 4 became UL 

ActlvfiLcy were non transferred to the San UJlis Indiana who inhabit a 
long Ml retch nf the north uoiltit of Panama. These Judin JUs, who number 
approximately 4G,bud r have always kept aloof from the whim man, remixing 
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that contact with other races wealel wcrk tbelf ending. Amicable relations 
were establish^ with them and maur latereiatlng tnuctuLeafl nf Ibelr ar la uud 
Lad usuries were collected for Efa£ National Museum. The !Sfln Bias In [Hans 
have au advanced acetal organlsutfoUr with a ruler who could perhaps be prop¬ 
erly clashed ns a king. Through Ihu Eau Bias, Mr. Marsh dime In contact with 
hundreds of 11 while Indiana * r wh^se presence Lu Panama has been known 
for a long time- bat who have not been examined Uy scientific observers. 
IhdlvSduFilH brcoTbl \y Mr. Mfiiali Lu the United States have been carefuUj 
examined and tentatively stated* before Held studies ^o mure fully lulu liio 
matter, to pre^'-nt a form of albinism. 

ADDITIONAL ASSISTANT SECRETARY 

For several years there lias been recognized the need of an addi¬ 
tional assistant secretary to relieve the pressure on the Institution 
of administration of the eight Government bureaus* several of which 
have developed rapidly in recent years. Tins need was laid before 
Congress* and in the last appropriation hill provision was in tide for 
the new position,, After a thorough study of the qualifications 
needed lor the position, Dr. Alexander Wetmore was appointed tm 
April 1925, as Assistant Secretary of the .Smithsonian Institution* 
with general supervision of the National Museum* the National 
Gallery of Art. and the National Zoological Park, 

Doctor Wetmore graduated from Kansas State University in 1012* 
having specialized in biology. He carried on post-graduate studies 
in biology at George Washington University* receiving the degree 
of M+ S. in 19*10 and Pit. D. in 1920. Since 1910 he has served in’ 
the Biological Survey* Department of Agriculture, first as agent, 
then as assistant biologist, and I in ally as biologist, with official sta¬ 
tion at Washington, D. C. 

During Doctor ’VVeimorc T s connection with the Biological Survey 
he conducted numerous investigations dealing with birds and mam¬ 
mals, and in 1923 directed the U* S. S. T&nager expedition which 
engaged in general scientific exploration of islands in the Pacific, 

On November 13, 1924, he was appointed superintendent of the 
National Zoological Park* where he exhibited unusual administrative 
ability* and on April 1, 1U25* he was installed in hk new position* 

SMITHSONIAN RADIO TALKS 

In my last report there was described ihe beginning of a series 
of radio talks by the Smithsonian Institution in cooperation with 
station WRC of the Radio Corporation of America* ns an addition 
to the Institution's established methods of the diffusion of knowl¬ 
edge, The entire matter was placed in charge of Mr, Austin II, 
Clark, curator of echinoderixis in the National Museum* and under 
his ablo and enthusiastic direction the series of talks was a distinct 
success, as attested by calls and letters from many listeners 
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On October 2„ 1924, the series of Ui\ks was begun again, with 
increased scope, and between that (bite and May 14, 102^ twenty- 
eight IS-minute talks were presented to the radio audience under 
the auspices of the Smithsonian Institution through station WRG f 
four of these having been broadcast jointly with stations WJY and 
WJZ of ?New York City* thus considerably extending the audience* 
Ten of these talks were given by members of the stair of the Insti¬ 
tution, the other 18 having been given by scientists; representing 
-jther establishments selected by and presented under the auspices 
of the Smithsonian, A list of the talks given during the year 
follows: 

SMITHSONIAN RADIO TALKS (1024-ltHI) 

October % 1024. Life In the Sin Mr Aiisiln H r Clark, 

October 1G. 3024. Wuiider?; of the Deep Sea, OapE. Frederick B. Bas^tl. 
bydrrwraplipt of the Navy. 

October 1024, CurinU* Flunk;. Dr, R V, CovlUe, 

November 8. i v&i. Wtust the Ocean Menas t« Uk* Lieut, Commander George 

M Brandt, aid to hydrographur of the Navy. 

November ift r ift24. I fhIIau Cliff Dwellings, Dr, J, Walter FewkesL 

November SO* IS24. Living Lamps. Mr. Austin It. Clark. 

December JI, 1G24. TLi> Occam Rollota. Dr, W r LlltlehnlcB, hydro- 

graphic onglneoi-, Navy LkamrttnunL 

December ^1 P 1924. Wlmt Standard* Menu to Us. Dr. Fny C. Brown* ils^IM- 
nnt director. 'Burma of Standard* 

December 30* 1G2-L How Treerf Grow. X>r. D. T. MnoDoKigall, director. 
Desert Botanical T^ltnnitary of the Carnegie InHtltntJoa. Tucson* Aria, 

December 3L R>24. Why the Eftrtb U a Magnet, Prof W. F\ O. Swann, 
Vole UnlTcrsStjr. 

January 1G25. Tree Rings and Cl! mate* Dr, A, E. Doughty University 
of Arlaona. 

January S, 192!*. The San and the Weather, Dr. C. 0, Abbot 

January 22, 1U25_ The Weather. Prof, W. J, Humphrey^ United SEatew 
Weather Bureau. 

January 20, 1909. Mysteries of Bird Migration. Dr, F, C. LLneolti^ United 
States Biological Survey. 

February 5, 102ft. The Oceans Food IioHourecs. Mr, Lewis UndelUTe, Dop- 
uly GocnmtasLonor of Fisheries. 

February 12, lf<23. W hat Other Peoplisa EjiI. Mr Jkwttn H. Clark, 

February IB, 1929. Whrtt the Erirth l.< Made Of- Dr. Henry 3, Washington. 
Carnegie JnHtUutloEi. 

February 3ft, ItriS. Habits of Aht* r Dr. William M. Munn. Bureau of Rate* 

auriogy. 

March 12, 1925. Fish os Food* Mr. l^wls RedcHGfa, Deputy CumfflL&dQQur of 
FUh wics. 

March lb, 192&, How Some Wasps Live, air, ti, A tlobwor. Bureau of 
Entomology 

March 3U, 102ft. The Work of iho Const and Geodetic Survey In Saving Life 
rmd Property at Ben* Col, E, Lester Jones, Director Const and Geodetic 
Kiifrey, 

April 2, 1925. Mosquitoes and Other NiMNbuickliift Files, Mr. Raymond C. 
Shanimn. Daren u of Entomology. 
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April G. 1020. Listing and Their Kin, Mhffl J>orln Jf + Coehnin. 

April 10, 1D25. Flgbdnff Plant Diseases by BrecfUaif New Plant*. l>t. W* A. 
Taylor, Chief r Unread of Plnnl industry. 

April 2S» 1035, Our Fisheries. H m* Heury O'Malley, Cumin lholier of Fish 
tries. 

April WX, 15125, The Geodetic Work of the TTnJt&il States Coast Geodetic 
Kurvny Cel. E3. l^nkT Jonca, IXreefer t.-rniwt mud Geodetic Surrey. 

May 7 a 1U2&, Chlggenk TlekH h and FleaA Dr. 11 K. Ewlnu. Bureau of Kalo- 
tnoloxy. 

Hay 11 1025. ButlerflleH, Mr, Austin IL Clark* 

This Smithsonian radio series has proved to be an excellent meana 
of disseminating authentic scientific information, and Mr, Clark 
had already begun at the dose of the fiscal year to arrange the 
program for the coming yean It is intended to incre-ase not only 
the scope of the talks, but also the audience to be reached by 
exchanging material with Westinghoiise station WBZ, of New 
England, 

Plans were under way also* near the close of the year, for a distinct 
series of radio talks nn the National Zoological Park, to be presented 
by the superintendent of the park and others who have u special 
knowledge of certain groups of animals shown in the park. It is 
expected to begin this series in October, 

PUBLICATIONS 

A total of 155 volumes and pamphlets were issued during the year 
by the Institution and the Government bureaus under its adminis* 
i rat ion. Of these, 171,S6o copies were distributed, including 26ii 
volumes and separates of the Smithsonian Contributions to Know! 
edge, £4,008 of the Smithsonian Miscellaneous Collections, 
volumes und separates of the Smithsonian Annual Beporta, 5,102 
special Smithsonian publications, 104,5% volumes and separates of 
ihe various scries of National Museum publications, 7^54 publica¬ 
tions Caf the Bureau of American Ethnology, 55 volumes of the 
annals of the AsLrophysical Observatory, 44 reports on the HarrI* 
niim Alaska expedition, and 1 P U57 reports of the American Historical 
Association, 

The publications of the Institution constitute its principal means 
of carrying out one uf its main purposes, tt tbc diffusion of ImiswL 
edge among men/* With the XI distinct series now issued, a very 
wide field of reader# is reached, as in addition to the technical 
papers. Intended for use by scientists and students, a semi popular 
Account of progress Ln all branches of science is presented to the 
general reader in the appendixes to the annual reports of the InsLitu, 
iioin As explained in last year# report, these reports have since 
the war been issued over two years late. I*ost year, however, funds 
were provided to enable the Institution to bring them up to date 
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by issuing two reports in one year, utul this Lias now been accom¬ 
plished, tiie report for 1923 having been received from the printer 
in .Tune, 1025, and the 1924 report promised for delivery in October, 
102r>. This is probably as nearly on time os the reports can be 
issued, owing to their complicated nature, which involves the assem¬ 
bling of material from foreign as well as American sources and the 
submitting of proof tu some 30 authors in all parts of the world. 

Allotment* for printing,— The congressional allotments for the 
printing of the Smithsonian report to Congress and the various 
publications of the Government bureaus under the administration 
of the Institution were practically used up at the close of the year. 
The appropriation for the coming year ending June 30, 1926, totals 
$90,000, allotted as follows; 

Annual lii'jHTi w ttu Confirms of the Board of Regents of U>f S-tuitti- 


^urilan Io&dltLtlon -■-f12,.500 

National Museum___—---———-— -*-—-—— '■-r 500 

Korean “f American Kthuflltftjy-„——- — — -^—-- -— 35* MB 

National GiiHcry of Art——-——.—-——----I F £00 

Intttmnttoiial EtMhanges.-^—-—--- 

International Catalogue of £kd*atlfle Idtcmtare——— - 100 

National Zoolngleal Parle-— - -——---———-- M0 

A rtropb y^kn I OIj^t rate iry. -___——,-™-— 500 

Aimiinl Report of thu American Hbtoi'lCfll Asiodatloii—--—— 7 P 000 


C&mrh it&es on printing find publication ,—The Smithsonian ad vis* 
ory committee on printing and publication considers and makes 
rccDmuiendat biis concerning all manuscripts offered fur publica¬ 
tion. It also assists in determining thu publication policy of thu 
1 institution and endeavors to insure thu most efficient administration 
of all funds for printing and binding. During the year five meet¬ 
ings were held and 75 manuscripts acted upon. A vacancy was cre¬ 
ated in the personnel of the committee hy the death of Mr> N. Hollis¬ 
ter* superintendent of the National Zoological Park. Dr. Alexander 
Wfltmore, who succeeded him as superintendent of the park, also took 
his place on the committee. Upon Doctor Wetmore’s appointment as 
an assistant secretary of the Institution, he in turn was succeeded 
on the committee by Dr. William M* Mann, the present superin¬ 
tendent of the park. Tha membership of the committee is as fol¬ 
lows: Dr. Leonhard Stejnegec (chairman) t Dr, George P. Merrill, 
Dr. J, Walter Fewkes, Dr + William M. Mann. Dr. Marcue Benjamin, 
Mr. Stanley Searlcs, and Mr. W. P. True, secretary. 

LIBRARY 

During the year the most important change in the staff of the 
Smithsonian library waa the appointment of Mr. William L. Corbin 
as librarian. Mr. N. P, Seudder, assistant Librarian m charge of the 
National Museum library for the past 3B years, died May 19, 1925. 
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The accessions to the libraries, exclusive of those to tile library of 
the Bureau of American Ethnology', which is reported on by the 
chief of the bureau, totaled 13,557. The most outstanding gift of the 
year was the entomological library of the late CoL Thomas L. 
Casey, numbering about 4,500 volumes and pamphlets, chiefly on 
culeoptera, which will he deposited in the section of insects of the 
National Museum, 

The loans totaled 10,657. Special effort was made to supply re¬ 
quests for missing volumes or paths of volumes, and 2,009 were ob¬ 
tained. There were sent to the Library of Congress 7,287 publica¬ 
tions to be added to the Smithsonian deposit and 7,108 documents ot 
foreign governments for the document division. Seven thousand 
one hundred and thirty4wo volumes and pamphlets were catalogued 
and much general work waa done on the collections, including u de¬ 
tailed Investigation by the librarian of the needs of the library. 

NATIONAL MUSEUM 

By the action of the Congress in providing for the appointment of 
an additional assistant secretary of the Smithsonian Institution to 
have general supervision of the National Museum anti certain other 
Government bureaus under ud min hitriL live charge of the Institution, 
Ur. Alexander Wetmore waa appointed to that office on April 1, 
1925. The application of the reclassification act resulted in the 
adoption of a more just salary scale for the scientific staff, and for 
Lhe first time in many years every position in the Museum personnel 
was tilled, the salaries previously available for certain positions 
having been ton small to ailnct men properly equipped to hold 
them. The increase of $52,8% in the Museum appropriations over 
last year was sufficient to cover the larger salaries* but does not 
allow for proper advancement for efficient service, as provided in 
the reclassification act. Additional funds are urgently needed for 
this purpose and also for the normal expansion of the Museum, in¬ 
cluding the purchase of specimens* and for use in minor explorations. 

The Museum contributed during the past winter seven speakers to 
the series of Smithsonian radio talks, organized last year under tho 
direction of Mr, Austin H. Clark* This new field for the dissemina¬ 
tion of knowledge offers great possibilities* 

The Loeb collection of chemical types has made splendid progress 
under the direction of Mr- O. E. Boberto, jn, curator, 61G new speeb 
mens having been added to the collection during the year* 

The Museum received during the year 555,400 specimens, a slight 
increase over last years accessions, and 1,232 additional lots of ma¬ 
terial were received for examination and report, A total of 23,244 
duplicate specimens were distributed as gifts to educational irtstitu- 
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lions or exchanged for specimens needed to complete collections in 
the Museum, and 33,966 specimens were distributed as loans to spe¬ 
cialists and students for study and identification. 

The accessions to the Museum collections in all its departments 
arc described in detail in the report of the assistant secretary, Ap¬ 
pendix 1, and only a few of the outstanding gifts wilt be mentioned 
here. In the department of anthropology, the ethnological collec- 
lions were enriched by the addition of a unique series of objects illus¬ 
trating the material culture of the Indtans of eastern Panama, re¬ 
sulting fmm I he Marsh-Darien expedition, and by a collection of 
California Indian baskets bequeathed by the late Miss Ella F\ 
Hubby, of Pasadena. In physical anthropology, a number of casts 
of the remains of early man were received, including several of the 
famous Triiiil man of Java, PUhemnlhropw er^tu^ from Dr. 
Eugene Dubois, and also much valuable skeletal material. The de¬ 
partment profited especially through explorations conducted by the 
Bureau of American Ethnology, and by the National Geographic 
Society under the direction of Mr. Neil M. Judd, which resulted in 
valuable additions to the collections. 

The most notable gift to the department of biology was the collec- 
iion of Coleoptera and mollusks bequeathed to the Museum by the 
late CoL Thomas Lincoln Casey* The beetles atone in this collec¬ 
tion are estimated at 99JOOO specimens, representing 16,000 species. 
A wonderful store of rich material also has been added to the depart¬ 
ment in the large collections presented by the National Geographic 
Society as the result of expeditions in China by Dr. J. F. Bock and 
Mr* F, R, Wulrin. which include 4,H0fl specimens of vertebrates and 
68,000 plants. Additional collections from China have also been 
received from the Bov. P, C. Graham and Mr. A. dc C. Sowcrby* 

In the department of geology, the paleontological collections have 
been the chief beneficiaries, having received (he results of your sccfc- 
tary^ field work for the past four years, as well as collections made 
by Doctor Bunder, Doctor Rcsser, and Doctor Ulrich* The other 
di virions have all received valuable additions* including a number 
of interesting minerals contributed by CoL AY. A, Roebling* and n 
crystal of the new mineral, afwillite, donated by Mr, Alphoas F* 
Williams. One of the most interesting exhibits in a crystal ball of 
unusual size nnd perfection, weighing 110 pounds and measuring 
inches in diameter, shown through the interest of Mr, Worces¬ 
ter R. Warner and the courtesy of the Fukushima Co, (Inc.), New 
York. This ball is said to 1 ms (he largest of its kind in the world 
and has attracted much attention from visitors. 

In the division of mechanical and mineral technology there was a 
slight falling olT in the number of accessions received, principally 
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due to ei lack of exhibition and storage space. Interesting additions 
were made, however, in the transportation section, including one 
early type of automobile, a Knox car, made in 1901, presented by 
Mrs" Lansing Van Auken. of Watervliet, N. Y. 

The division of textiles, under which are administered also wood 
technology, organic chemistry, foods, and medicine, received over 
s,f *00 objects during the year, more than twice the number received 
last year. These included several series of industrial specimens 
illustrating the manufacture of rubber, sealing wax, and the prepa¬ 
ration and dyeing of furs: samples of silk, cotton, and wool fabrics 
for the textile collections; specimens of woods used in the furniture 
industry; and, for the public health exhibit, models and posters 
showing advances in sanitary science. 

The exhibits of the division of graphic arts have been greatly 
improved during the past year by the addition of valuable new 
material and the rearrangement of the collections. Fourteen special 
exhibitions of prints in various media, mainly the work of con¬ 
temporary artists, were held and the two traveling exhibits prepared 
by the division were widely circulated among the art museums and 
graphic art organizations of the eastern part of the country. 

Among the objects of special interest added to the liistorical col¬ 
lections were a presentation sword, flags, uniforms, medals, and 
badges of the late Incut. Gen. Kelson A. Miles; additional numis¬ 
matic material, including 800 publications on numismatics trans¬ 
ferred from the Treasury Department; and four portraits added 
to the portrait collection. 

The Museum participated in a number of field expeditions, de¬ 
scribed in the report on the Museum, appended hereto, which have 
resulted in the addition of much valuable material in all of the 
departments of the Museum. The auditorium was in frequent de¬ 
mand by scientific and other societies and organizations for meet¬ 
ings and lectures. Visitors to the Natural History Building totaled 
$57,016; to the Arts and Industries Building, 304,858; to the Air¬ 
craft Building, 52,787; and to the Smithsonian Building, 107,542, 
making in all ft total of 1,022,003. This is the first time in the 
history of the Museum that the year's attendance has exceeded 
1,000,000 individuals. Five volumes and 70 separates were pub¬ 
lished as the result of Museum activities during the year, and 104,596 
copies of Museum publications were distributed. 

NATIONAL GALLERY OF ART 

During the past year additions to the gallery collections were 
less than in previous years owing to the lack of exhibition space. 
The art works awaiting approval at the present time do not ex* 
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ceed $100,000 in optima ted value, while, with a suitable art build- 
ing T it is thought that gifts and bequests to the value of a million dol¬ 
lars or more would he received annually. 

Work has been continued by Mr* Platt on the preparation of 
preliminary plans for the proposed gallery building, made possible 
by the raising of $10,00<1 by private subscription as noted in last 
year's report, and the plans could now bo made ready for the begin¬ 
ning of construction within six months. It is estimated that three 
years would be required to erect the building. The movement for 
such a building suffered a severe loss in the death of Senator Henry 
Cabot Lodge, who was deeply interested in the national collections 
of art and history. In 1024 he offered in the Senate an amend¬ 
ment to the deficiency appropriation bill providing $7,000,000 for 
n gallery building to accommodate the collections not only of art 
but also those of American history now housed in the National 
Museum. 

The annual meeting of the National Gallery Commission was held 
on December 0, 1924 The report of the secretary mentioned the 
following action on problems considered at last year T s meeting: 
The approval by the Board of Regents of ihe commission's recom¬ 
mendation to Include a division of historical architecture in the 
National Gallery of Art; the appointment of Air* Charles A. Platt 
as architect of the proposed gallery building; and the approval 
by the commission of the inclusion in the prospective gallery of 
collections of both American history and art* The question of the 
acceptance of works of art by correspondence was discussed, and 
it was resolved that hereafter a majority of the advisory committee 
Iw required to examine personally all works of art offered the gal¬ 
lery before making recommendation. Mr. Edmund C, Tarbcll was 
sclented to fill the vacancy caused by the resignation of Mr* Edwin 
H. BloshfielcL The annual election resulted in no changes in the 
officers or personnel of the commission for the enmiug year* Ap¬ 
preciation was expressed of the activities of the American Federa¬ 
tion of Arts and the Federation of Women’s Clubs in behalf of the 
proposed new art building. 

Permanent accessions to the gallery during the year included seven 
paintings, several pieces of sculpture, and a collection of French and 
other art objects, part of the bequest of the late Rev. Alfred Duane 
Pell. Several loans were accepted and about an equal number with¬ 
drawn during the year, and five paintings belonging to the gallery 
were lent for exhibition elsewhere, Four special exhibitions were 
held during the winter and early spring, catalogues for which 
were issued by the gallery. 
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FREER GALLERY OF ART 

The year*a work in the preservation of the collection included the 
remounting of a considers bio number of prints, bringing the total 
number of objects in the print collection which have been put in 
final condition to over 1,000. Additions to the collection included 
a pastel by Whistler, an Indian bronze, Indian paintings, Chinese 
bronzes, a Chinese painting, and Near Eastern pottery. A list 
of the Freer Gallery collection of paintings, pastels, draw¬ 
ings, prints, and copper plates by and attributed to American and 
European artists, together w r iih a list of original Whistler]ann + wan 
in press at the dose of the year. * 

Ninety books and periodicals and 1*27 pamphlets were added to 
the library. Several hundred photographs and a number of lantern 
slides were made and sold to persons requesting them. An increased 
number of requests have reached Lhe gallery for translations of 
Chinese. Japanese. and Tibetan inscriptions, and for other informa¬ 
tion bearing on the work of the gallery. 

The total Attendance for the year was 109,8(31* Of this number, 
4S1 used the study rooms to view objects not on exhibition or to 
consult reference works in the library. 

The gallery’s archeological expedition in China was still in the 
field at the close of the year; and a condensed report on its work will 
be submitted later for publication in the Smithsonian annual ex¬ 
ploration pamphlet. 

BUREAU OF AMERICAN ETHNOLOGY 

The function of the Bureau of American Ethnology as defined 
by Congress is to conduct ethnological researches among the 
American Indians and the natives of Hawaii, including the excava¬ 
tion and preservation of archeologjc remains. The results of those 
researches arc published in technical monographs as well as In arti¬ 
cles of a more popular character, and reliable information regarding 
the American Indian is thus made available for students. The 
aboriginal Indian culture is rapidly disappearing through contact 
with the white mud’s civilization, nnd when the older men of the 
tribes who know the rite* and customs of their fathers have passed 
away, much of the ancient lore will be lost forever. The bureau is 
recording as much as possible of this mote rial before it is too late 
to secure iL 

An important Indian culture area is that of the southeastern 
United States, and the bureau has recently begun an archeological 
reconnaissance, so far as its resources will permit, in Florida, Ala¬ 
bama, Tennessee, and Mississippi. It is possible to reconstruct from 
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historical sources the main outlines of this Gulf culture, hut much 
more information is needed regarding the ritual*, idols, ceremonial 
objects, and symbol inn on pottery before wo can form a ramp] etr 
idea of this interesting aboriginal culture. 

Dr* J+ Walter l-Vwkes, chief of the bureau, spent several weeks 
in reconnaissance near Florence* Ala*, where a number of rate resting 
Indian mounds were located which will bo submerged with the com¬ 
pletion of the Wilson Dam at Musclo Shoals. Mr T Gerard Fowke 
continued the excavation of two of these mounds, which yielded a 
considerable collection including rare copper ornaments* among the 
largest known from the Tennessee Valley* Doctor Fawkes also pre¬ 
pared during the year an illustrated report on a collection of archeo¬ 
logical objects from Youngs Can} on, near Flagstaff, Ark., a region 
of great importance in determining the relationship of the various 
culture urea* of the Soutliwc.it. 

During the past year, Mr, Earl 11. Morris, under the direction 
of Doctor Fewkes, did necessary repair work on the famous tower 
of the Mummy Cave House in the Canyon dd Mucrto, Ariz.. which 
will go fur toward preserving what is considered one of the finest 
examples of aboriginal architecture: in the entire Southwest. 

Dr. John K* Swan ton discovered further material hearing on the 
social and religious life of the Creek Indians* and embodied this 
information in papers now being prepared for publication* lie 
afsn prepared a paper as a refill of bis recent study of the smaller 
culture centers within our present Gulf States, entitled M Culture of 
the Southeast ” ttnd a short report on the "Ethnology of the Chick¬ 
asaw," and lie continued work on the now extinct Timucua language. 

Dr. Tramiin Micheleon continued his studies of the Fox Indians, 
transcribing and translating u number of texts relating to their 
customs and beliefs. He also renewed his researches among the 
Algonqniun tribes of Iowa, rpending part of the summer in that 
State. 

During the year, Mr* John F. Harrington continued his work on 
tho Bui ton Mound Indian village situated at Santa Barbara, pre¬ 
paring for publication the material resulting from last years excava¬ 
tions in cooperation with the Museum of the American Indian* and 
carrying on additional excavations at the same site which have 
yielded much important material. In addition, he prepared a report 
on the archeology of the Santa Barbara region along both historical 
and archeological line*;, Mr* Harrington also made an exhaustive 
study of the language of the To 16 Indians of Panama, eight of 
whom were brought to Washington by Mr. R. Q + Marsh in October, 
and remained until January* 192G* thus giving him an excellent 
opportunity for this investigation. 

70041^24-S 
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In May, 1925, Mr. J, N, 13. Hewitt Ml Washington for Brantford, 
Canada, to resume hi* researches among the six nations, or tribes, 
of the Iroquois. With the aid of the two best Mohawk informants 
available, Mr. Hewitt made a free English translation of one of the 
most important of the ancient rituals, and took up the literary 
interpretation, revision, arid textual criticism of previously recorded 
voluminous Troquoian texts. An interesting resume of this work is 
presented in the report of the chief of the bureau which forms 
Appendix 4 of this report. Mr. Hewitt also visited the Chippewa 
of Harden River, Canada, and the Seneca in Missouri and Oklahoma. 

During the year, Mr. Francis La Flescho completed Ins paper on 
two versions of the child-naming rite of the Osage Tribe. In May, 
Mr. La Flesebe visited the Usages and remained through dune work¬ 
ing it the laborious task of pro]!or|y recording the gentile personal 
names used by the full-blond members of the tribe and by some of 
the mixed bloods, Mr. J. 'Jeorge Wright, of the Osage Agency, 
cooperated in this work by giving Mr. La Flwclte access to the 
records of his office. Mr. La Fleschc collected during his stay in the 
region some interesting plants used «s food or medicine among the 
Indians, 

Mis, Frances Densisinrc continued her special research on the 
music of the Indiana during the past year, resulting in the prepara¬ 
tion of lire manuscripts comprising transcriptions of (M> songs, to¬ 
gether with the original phonograph records and analyses of I he 
songs, which were purchased by the bureau for future publication. 
Miss Denainorefe manuscripts included also one on the uses by the 
Maknh Indians of plants in food s medicine, and dyes. She took 
advantage of the presence in Washington of the group of Tul6 In¬ 
dians, mentioned before in connection with Mr, Harrington’s study 
of their language, to make a study of their music. Their favorite 
musical instrument was found to be the * pan pipe’’ of reeds, and 
they also used another reed instrument known as the 4i month flute n 
that had not before been observed in primitive music. 

The publications of the bureau issued during the year consisted of 
two reports and one bulletin. Three other reports were in press 
at the dose of the year. 7,354 copies of the publications of the 
bureau were distributed during the year. 

INTERNATIONAL EXCHANGES 

The total number of packages handled by the exchange service 
during the year was 468,731, weighing 506,104 pounds, an increase 
in the number of packages over last year of 8,073 and a decrease in 
weight of 00,9-13 pounds, due to the smaller size of the packages of 
publications received for transmission through the service. 
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Fifty-eight full sets of United States official documents and 40 pat- 
tinl sets are now sent regularly to depositories abroad. This is a re¬ 
duction of one full “set from last year and an addition of two partial 
sets. At the request of New Zealand, a partial get is now being 
sent to the (tenoral Assembly Library instead of a full one and the 
Stadtbiblinthak of the Free City of Danzig lias been added to the list 
of those receiving partial seb?. The immediate exchange of the 
Official Journal has been entered into during the year with India 
and the Free City of Danzig. 

A committee of experts on the international exchange of publica¬ 
tions was called together by the committee on intellectual cooperation 
of the League of Notions at Geneva, July 17-11?, 1924. Afr, ll_ W, 
Dorsey, chief clerk of the Institution, represented the Smithsonian 
on llils committee. The committee recommended an additional 
protocol to the Brussels convention of 1336, enabling the states that 
are not yet parties to the convention to adhere thereto with reservm- 
iona. The comm it tee also gave consideration to various other mat¬ 
ters looking to the improvement nf the international exchange service 
and the extension of its activities, 

NATIONAL ZOOLOGICAL PARK 

I regret to have to record the death on November 3, 1 924, of Mr. 
N. Hollister, for eight years the able superintendent of the park. 
Dr, Alexander Wet more succeeded Mr. Hollister and served until 
April t, 1926, On that date he was appointed an assistant secretary 
of the Smithsonian Institution, and Dr. William M. Mann, ento¬ 
mologist of tlie Department of Agriculture and widely known as 
an explorer in the interests of zoology and entomology, was ap¬ 
pointed superintendent of the park on May 13, 1925. 

The collection of animal* in the park has been somewhat dimin¬ 
ished in value during the year by a number of deaths among the 
older animals. This loss has been offset tn a certain extend by the ac¬ 
cession of 130 animals presented by various donors and 70 mammals 
and birds born or hatched in the park, but among the older stock lost 
were many valuable specimens that can be replaced only by purchase, 
and funds for this purpose are very limited. The more notable of 
the new gifts to the park included a splendid young male chimpan¬ 
zee, from Mr, Victor J. Evans, and a Bateleur eagle, an Abyssinian 
falcon, and two South American stone plover from Mr, B. H, Swales. 

The total number of individuals in the park collection at the close 
of the year was 1,620, 25 Ipse than reported last year. The species 
represented, however, show am increase of 17 due to judicious selec¬ 
tion and purchase of small species offered for sale at moderate prices* 
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The attendamso for the past year was the highest the National 
Zoological Park has even known, the number of visitors recorded 
reaching a total of 2,5iS,SWk 

During the year the animal warehouse, construction of which was 
begun last year, was completed and put into service, a double bear 
cage of steel was erected, and many minor repairs were made on old 
buildings. In many instances these, even when carefully repaired, 
are poorly adapted to the present needs of the par Is and should l>e 
replaced by new ones that would not only safely and comfortably 
house their inmates, but would also better accommodate the great 
throngs of visitors to the col lections. The buildings most urgently 
needed are a house for birds and one for reptiles, 

A8TROPHY5ICAL OBSERVATORY 

Much progress has been made during the year in the study of 
the sun and its application to weather forecasting. Through the 
generous assistance of Mr, John A* Roebling, the experimental fore¬ 
casts hy Mr. H* H. Clayton for the city of New* York, based on daily 
telegraphic reports from the observing stations in Chile and Arizona, 
mentioned in last year’s report, were continued. Four papers have 
been issued in the Smithsonian Miscellaneous Collections, reporting 
in detail on the results of this work. While it is still largely experh 
mental, the forecasts have certainly indicated a moderate degree of 
foreknowledge* A higher degree of accuracy in the solar measure¬ 
ments upon which the forecasts me based will undoubtedly lead to 
better results, and to this end the staff of the observatory is now 
engaged in completely revising the methods of observing, measuring, 
nnd recording the solar radiation. The station at Harqtm Halm, 
Ari&. T has been removed to Table Mountain, Cal if ^ to obtain better 
atmospheric conditions and greater convenience of access. This 
transfer was made possible through the aid of Mr, Roebling. 

The director occupied the Mount Wilson station during the sum¬ 
mer and autumn of 1924. He continued work on the three projects 
outlined in last year’s report with the following results; The solar 
cooker was greatly improved; measurements of atmospheric ozone 
were made with the Fabry type of apparatus; and new devices were 
tried in stellar energy spectrum measurements which seem to open 
the way for great advances in that line, 

INTERNATIONAL CATALOGUE OF SCIENTIFIC 
LITERATURE 

Attention is again called to the urgent need of financial assistance 
to enable the International Catalogue to resume publication of the 
17 annual volumes which for so mauy years were depended on to 
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furnish references to the world’s literature of science. Ever since 
wur conditions made it necessary to suspend publication in 1921, 
ii. has been the hope I hut foreign political and financial conditions 
would improve sufficiently to enable the cooperating countries to 
again furnish the necessary funds through subscription as hereto¬ 
fore, but with the exchange rates of several of these countries now 
at a lower level than ever lnjfore, it seems that this hope will be 
futile for some time to come. 

Although actual publication has ceased for the present, the organ¬ 
ization is in no sense bankrupt, for, according to an agreement made 
at the Brussels Convention in lUili, the regional bureaus continue 
their work of assembling current bibliographical data, thus keep¬ 
ing the organization working, and whan publication is rcKumed it 
is belie v< d that new subscribers will purchase the back issues of the 
catalogue now held in storage. It would be difficult to find an ob¬ 
ject more worthy of endowment than this unique international, 
cooperative undertaking, for no similar enterprise has ever filled 
the place occupied by the catalogue and no new organization could 
hope to gain the oflieial recognition held by the International Cata¬ 
logue of Scientific Literature. 

NECROLOGY 

HUNKY CABOT UODOE 

Henry Cabot Lodge, United States Senator since 1833 and Regent 
of the Smithsonian Institution for 22 years, died November 9, 1132-1. 
Bom in 1850, Mr. Lodge was admitted to the bar in ISTti. and dur¬ 
ing the early part of his career served us editor of the North Ameri¬ 
can Review and later of the International Review. He next served 
for two years ns a member of the Massachusetts House of Repre¬ 
sentatives, and in 1881 was elected to Congress, where he remained! 
until 18133. In this year began his career ns a United States Sena¬ 
tor, to which office he was continually reelected until the time of his 
deutli. and the last term for which he was chosen to represent the 
people of Massachusetts would not have expired until i&2£>, 

Mr. Lodge was a very inJlueiittul member of the Senate, having 
servid as Republican floor leader from 1318 until the year of his 
death. In addition to his political activity, he was the author of 
many important historical works and essays. 

Through his long period of membership on the Board of Regents 
and his interest and active participation in the affaire of the Insti¬ 
tution, Senator Lodge had become a valued adviser, and his loss 
is keenly felt by the hom'd and the officers of the Institution. 
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NED HOLLISTER 

Ned Hollister, superintendent of the National Zoological Park 
tlnce October 1 T 191G, and otic of the foremost mammalogists of the 
world, died on November S f 1924. 

Ml Hollister born at Delay an* W m., November 2 G, 1876, where 
lie received lus education and began the study of zoology. From 
1902 to 1909 he conducted zoological field work for the United States 
Biological Survey in Texas, New Mexico, Alaska, British Columbia, 
Washington, Oregon, California, Utah, Nevada, Louisiana, and 
Arizona. In 1910 he began his connection with the Smithsonian 
Institution, being appointed assistant curator of mammals in the 
United States National Museum, which position he held until 1916 
when he was selected for the responsible position of superintendent 
of the National Zoological Park. 

In 1011, Mr. Hollister was a member of the Canadian Alpine Club 
. xpedition to explore the Mount Robson region of British Columbia 
and Alberta, and in 191^ lie represented the Smithsonian Institu¬ 
tion on the Smithsonuji-Haivard expedition to the Altai Moun¬ 
tains, Siberia and Mongolia. The results of Mr* Hollister* scien¬ 
tific work have appeared in the publications of the Institution and 
in various technical journals for many years. Besides over 106 
minor papers on zoological subjects, he was the author of a number 
of large works, including The Birds of Wisconsin (1903): Mam¬ 
mals of the Philippine Islands (1011); Mammals of the Alpine 
Club Expedition to Mount Robson (1913); East African Mammals 
in the United States National Museum (voL 1, 1918: vuL 2, 1919; 
vol- 3* 1923.) Tliis last is probably Mr* Hoi listers greatest contri¬ 
bution io science, being a eumplnle technical accoiml of ihe great 
collections made in East Africa by Theodore Roosevelt, Paul Ramey, 
and other collectors. 

During Mr. Hollister's term of office as superintendent the Na¬ 
tional Zoological Park showed a steady growth and development, 
the collection of animals in the Park being greater in numbers and 
in .scientific value than ever before, and the number of visitors to 
lhe park having increased steadily until it readied during the past 
year a total of over 2,500,000. It was largely through Mi\ Hollis¬ 
ter^ efforts that Congress a few years ago provided fund*; for the 
purchase of a frontage of 625 feet at the Connecticut Avenue 
entrance to the park, thus insuring for the future a dignified and 
appropriate approach. 

Mr. Hollister was a member of many scientific societies and editor 
of the Journal of Mammalogy. 
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WASHINGTON I. ADAMS 

Waahmgton I* AfUms, who was connected with the Institution 
from 1806 until his retirement in 1934, died at Watertown. Mass , 
April 19, 19215. Mr. Adams came to the Institution as chief clerk of 
the International Exchange Service, which position he held until 
1905 when he was appointed chief disbursing agent, a position he 
field until his retirement, Mr + Adams's duties and responsibilities 
were greatly increased in recent years due largely to the receipt of 
the Freer bequest of over §53,000,000. 

NEWTON r. SCUDDF-l! 

Newton P. Scudder, assistant librarian of the National Museum, 
died on May 19, 1925, two months after hiss retirement from active 
service, Mr. Scudder was given an appointment as clerk in 1883 
and five years later was made an assistant librarian in the Museum, 
which position he held until his retirement on March 9 T 1925. 

Mr. Scudder was born in Brooklyn, X+ V.. in 1853. and graduated 
from Wesleyan University in 1879. His first work was with the 
Bureau of Fisheries, and under its auspices he made a (rip to the 
ludibut banks. As a result of this investigation two papers by him 
on “The Halibut Fishery, Davis Strait,” and “The Salt Halibut 
Fishery,” were published by the Bureau of Fisheries. Following 
this work, Mr. Scudder came to the Museum library, where he re¬ 
mained until his recent retirement. 

Respec t f ul ly sub ml t to \ l. 


C'TTARLfiH I) r WALCOTT, fiwrfftfj'i/. 


APPENDIX 1 

REPORT ON THE UNITED STATES NATIONAL MUSEUM 

Sib: I have the honor to submit the following report on the con¬ 
dition and operations of the United States National Museum for 
the fiscal year ended June 30, 11*25. 

The appropriations for the maintenance of the National Museum 
for the fiscal year amounted to $5S4.Tl)2 : an I acreage of $52,3&6 over 
the previous year. This increase, however* is more apparent than 
real so far as providing additional funds for the operation of the 
Museum is concerned, since 544,534 of the amount represented 
the sum required for increase of salaries from the inauguration 
of the schedules authorized by the reclassification act of 1023, which 
became eHeeiive July 1, 1^24, ■while subsequent reallocations of 
employee* by the Personnel Classification Board resulted in increas¬ 
ing salary allotments approximately $11,000 beyond the estimated 
amount It thus transpired that the amounts available for actual 
operating expenses were less than during the previous year, More¬ 
over, the reclassification net had the effect of reducing the amount 
provided for printing and binding since increase in salaries in the 
Government Printing Office inaugurated under it malted in 
increased cost in printing, thus reducing the production value of the 
sum allotted for that purpose to the Museum. 

Attention has been called repeatedly m these annual reports on 
operation to the great disproportion between the increase in the 
appropriations provided for the maintenance of the Museum and 
the increase in the size of its collections, os well as in the quantity, 
scope, and importance of its exhibition and research work and its 
service to the public at large. Through the unselfish efforts of the 
personnel and the practice of the most rigid economy it has been 
possible until now to maintain a high degree of efficiency, but the 
very fact of its steady growth will curtail the usefulness of the 
Museum as a factor in the field of science and education unless it 
can be injured of aufiieient funds to cover its natural ami proper 
expansion. There is urgent need now for additional funds for 
operation, and for reasonable sums for the purchase of specimens 
and for use in minor explorations. Rich additions to the collections 
are received each year through specimens deposited by Government 
agencies or presented by private donors. Definite gaps in all lines 
exist, however, that may be filled only by purchase of desirable 
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things or by small Simla spent in field -work to acquire them. Speci¬ 
mens actually needed are obtainable usually only at long intervals 
imd if such opportunities nre allowed to pass further chance to 
acquire them may lie remote or uncertain* Highly desirable things 
offered at reasonable prices are refused nearly every week, The 
Institution should have available moderate fund* that might be used 
for such purposes. 

Need of funds for exploration is also imperative since through 
this means only is it practicable to obtain data and information of 
importance in connection with many objects desired for the collec¬ 
tions. Definite research on the pari of experts is often required to 
dear up doubtful points in source or relationship of many things. 

More and more each year the National Museum Is approached 
for authentic information in a wide range of subjects not to bo ob¬ 
tained elsewhere. Its vast collections of carefully arranged and 
classified specimens afford a full record of industrial, social, and 
esthetic progress os well as of painstaking and exhaustive research 
work in the natural sciences. In it are gathered the- results of 
governmental activities and private donations aggregating many 
millions of dollars. The Museum collections serve as a foundation 
for the economic work of such great Government organizations as 
the Department of Agriculture, the Geological Survey, and others, 
and the members of the scientific staff assist materially in the work 
of these institutions through identification and report on the various 
objects with which they are concerned. To maintain its position of 
constantly increasing importance in the field of Government service 
and to fulfill its function as a truly national museum, it h absolutely 
necessary that adequate funds be provided for its proper main¬ 
tenance, It is sincerely hoped that Its needs In this direction will 
he recognized and provided for by suitable appropriations. 

Final establishment of the salary schedules under the reclassifica¬ 
tion act brought the salaries paid to members of the scientific staff in 
the National Museum in most cases to a parity with those doing simi¬ 
lar work in other department, and has t hus in large part corrected a 
lament able condition in which members of the staff wore paid at 
rates established many years ago and which in modern circumstances 
had become wholly Inadequate. The increased salaries available 
have allowed the filling of several vacancies that have existed for 
Homo time and to (ill which there were no suitable candidates nt 
previous rates of pay. Adjustments in allocation in certain posi¬ 
tions still remain to be made before the scale in force is just and 
equitable in all its features, ns it is felt that the rates assigned in 
some positions do not correspond with the grades or emoluments 
applied to similar positions in other branches of Government service. 
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The financial assistance accorded to members of the scientific stuff 
has been greatly appreciated but attention is drawn to the necessity 
of keeping this matter in mind so that faithful service may be 
further rewarded. Provision is made in the re class i heat ion act for 
increase in salary to the average amount in the various grades, pro¬ 
vided a suitable record of efficiency is maintained* Two surveys of 
efficiency of the entire staff have been made in accordance with regu¬ 
lations laid down by the Personnel Classification Board, and in fur¬ 
ther accordance with the regulations of that board the ratings 
assigned hove been transmitted to the staff, It is highly gratifying 
to record that with very few exceptions these rati tigs have I icon 
excellent am] have been of such a degree that they warrant promo¬ 
tion Under existing appropriations, funds for the proper advance¬ 
ment Indicated are not available. Thi matter is earnestly recom¬ 
mended for serious consideration to the end that money may be pro¬ 
vided In make the necessary increase, Such action has been taken in 
other departments and ft is sincerely desired to avoid falling behind 
iik this respect as was the case under former salary regulations. 

Though not universally recognised as an element in educational 
Activities, Lhe National Museum fulfills a threefold function in that 
Held. Through the care and preservation of its vast and inestimably 
valuable collections and their careful arrangement and class! Jieaiiuti, 
it affords a visual record of progress and development of our own 
and foreign peoples, of important advances in the history of our 
country, and of achievements in science, industry, and art. As a 
museum of research it affords opportunity to tlie trained specialist 
and to tlie serious student to pursue studies of nil kinds with facili¬ 
ties not elsewhere obtainable. It is seen as a museum of education by 
the visiting public, who come to examine the many treasures in the 
exhibition halls, while through its publications, correspondence, and 
distribution of duplicate specimens it reaches thousands who are not 
so fori limit e as to be able to visit its halls. It may bo safely said 
that no tcstlHKik, work of reference, or encyclopedia of facts has been 
issued in ibis country in recent years that has not based suiuc of its 
statements on information originating in the National Museum. 

As a modern feature for the dissemination of knowledge may be 
mentioned the radio program of the Smithsonian Institution organ¬ 
ized lost year which I ids continued under the direction of Mr* Austin 
H. Clark of the Museum staff in cooperation with the broadcasting 
station WRC, Radio Corporation of America, In all, 128 talks, of 
15 minutes each, were pi von during Uio winter, 10 being by mem lx 1 it 
of the stntf nf the Institution, including T from I ho Museum. Four 
of these talks were broadcast also by stations WJY and \\MZ in 
New York City, reaching thus a broad audience. The talks, which 
began October 2. 1924, and were < < <oiirlmlrd on May M, 1925, were 
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delivered by 25 individual speakers. The subjects chosen came from 
a wide range in the field of science and proved highly popular as 
attested by the many letters received from listeners fur and near. 
Some of them have been published in permanent form. Possibilities 
in the spread of authentic scientific information through this means 
are great, since in this way informational talks prepared in an inter¬ 
esting manner go out to an extended audience fully appreciative of 
what they hear. It is possible thus to present the newer facts and 
changing aspects of science in a manner nn equaled by other means. 
As was anticipated when the Loeb collection of chemical types was 
placed under the special charge of a paid curator* splendid progress 
has been made. Through the activities of Mr. O* PL Roberts, jr + * the 
curator, nnd cooperation on the part of many chemists and organ i za- 
tinns, G 10 new specimens have been added to the collection during 
the year. The importance of such a collection is only Just begin¬ 
ning to be realized, but the interest already taken jn it by specialists 
in chemical research work in indicative of the important results 
eventually to be achieved. 


COLLECTIONS 

The results of the year show a most satisfactory growth in the 
collections, the total number of specimens received amounting to 
363,490, while additional lots of material received for examination 
and report numbered 1,2H2. The number of additions exceeds 
slightly the very high mark attained last year, while material for 
report also shows a slight increase. The increases are highly grati¬ 
fying and have brought a great amount of extremely valuable ma¬ 
terial to the collections* 

As in previous years, duplicate specimens were distributed os 
gifts to educational institutions or utilized in the making of ex¬ 
changes for specimens needed toward completing the collections. 
The material thus disposed of amounted to 231*244 specimens, of 
which 2*099 represent gifts. An additional lot of material, emu- 
prising specimens* was distributed in the form of loans to 

specialists and students for study and identification. 

The following resume of the more important accessions received 
during the year is submitted by the heads of the several depart¬ 
ments or divisions of the Museum: 

Anthropology .—The department of anthropology reports a year 
of satisfactory progress in all lines of its activities. 

In the division of ethnology there was received a unique series 
of objects illustrating the material culture of the Indians of eastern 
Panama as a result of the explorations of the Marsh-Darien expedi¬ 
tion cooperating with the Smithsonian Institution. This collection is 
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regarded as of such scientific interest that 11 special paper describing 
it has been prepared and submitted for publication. Another acces¬ 
sion of particular beauty and rarity was the remainder of the 
collection of Calif drain Indian baskets bequeathed by the lute Miss 
Ella F* Hubby, of Pasadena* 

Among additions in American archeology may be mentioned col¬ 
lections from Town Crook, Ala*, on the site of Wilson Dam, Muscle 
Shoals, and from Weeden Island, St* Petersburg, FIa. ? collected by 
Gerard Fowke and Dr* J. Walter Fcwkes, respectively, and trans¬ 
ferred from the Bureau of American Ethnology. The first of these 
is especially valuable, since it comes from a locality that will be 
covered by water when impounded by the dam. 

The accession# in the division of Old World archeology include a 
copy of the Welsh version of the Bible from David W- Evans and 
numerous Egyptian and Graeco-Homan antiquities and ancient 
glassware loaned by Edward Sampson. 

In physical anthropology there were added several casts of the 
remains of the famous Triad man of Java, Pithecanthropus ertetwt, 
received from Dr. Eugene Dubois, who has been engaged in ex¬ 
haustive studies of this highly important fossil, Also there hit# 
been received from the British Museum a cast of the skull found re¬ 
cently at Broken Hill in Rhodesia, Other important casts repre¬ 
sent remains of ancient man from Czechoslovakia, These will all be 
of great assistance in studies of ancient man* The Bureau of Ameri¬ 
can Ethnology transferred skeletal material from Florida, ami the 
National Geographic Society presented important skeletons found In 
excavations at Pueblo Bonilo and Pueblo del Arroyo, New Mexico. 
The EulTiilo Society of Natural Sciences donated a collection of Iro¬ 
quois skeletal material collected in Erie County, N. Y* 

Mr. Hugo Worch Inis mldcd to the Worch collection of pianos 
four splendidly decorated harpsichords of Lire sixteenth and seven¬ 
teenth centuries. Miss Frances Densmore completed her study of the 
collect ion of musical instruments and submitted a manuscript de¬ 
scriptive of it. 

The ceramic collection was augmented by a collection of English 
porcelain and gloss, gift of Mrs. Frances Roorne Powers, 

In art- textiles, the valuable luces of the late Mrs* H* K. Porter 
were continued as a loan by her daughter, Miss Hegemnm By be¬ 
quest of the lute Miss Emily Turkernmn, all specimens! belonging 
to her on deposit in the Museum were made a gift. The Misses 
Long contributed several line specimens of embroidery and lace. 

TlkO department profited especially through explorations by the 
Bureau of American ELhnology, the National Geographic Society, 
and the Munsb-Barlen expedition. Xeil 1L Judd, in charge of 
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the excavations carried on under the allspices of the National Geo¬ 
graphic Society sit Pueblo Eonito, remained in the field for seven*! 
months and secured excellent collections and highly important in¬ 
formation. Hen it R. Collins, jconducted explorations at ancient 
village sites in Mississippi, where valuable studios hava resulted 
from intensive work in the field, 

IHotofjy. —Increase in the collections in the various divisions of 
this department have equaled and in some cases have excelled those 
recorded for the previous year. Of outstanding interest is the col¬ 
lection of coleoptora and mollusks that came to the Museum by 
bequest of the lute Col. Thomas Lincoln Casey, The beetles alone 
in this collection are estimated at approximately 00,000 specimens 
representing Ifi.UOO species of which fj,GQ0 were described by Colonel 
Casey and are represented by the types. 

The largo collections presented by the National Geographic 
Society as the result of expeditions in China by Dr. J. F. Rock and 
Mr* F. R. Wulsin include a total of over 4,500 specimens of verte¬ 
brates and OSiOOti plants, a wonderful store of rich material that has 
added greatly to the representation from that area, for, in addition 
to a number of forms previously unknown to science, there are in the 
collection many specie s not before represented In this institution. 
Additional collections from China hive come through the continued 
efforts of Rev. D. C, G rah a in in western Szechwan, which have added 
vertebrates and valuable insects, China lias been further represented 
iti our accessions by materia) collected by A, deC* Sowerby, pre¬ 
sented through the continued into res i of Mr, R. S. Clark, 

Mr, R. E Swales has continued his important additions to the 
collections of birds by the purchase of a considerable number of 
species not previously represented including a number of rarities 
from Madagascar. Further ampliations through the interest of Dr. 
Casey A. Wood have resulted in additional specimens from Fiji. 
Dr + Hugh if. Smith, now in Siam, has begun presentation of 
valuable material from a region almost unknown in our collections 
and has Included among other things in \m first sending a highly 
valuable lot of marine in vertebrates. 

Valuable collections of fishes have come from the II + K. Mulford 
Co., of Philadelphia. Certain important specimens have been pur¬ 
chased for the collections of mollusks from the income provided 
for that purpose by the Frances Lea Chamberlain fund. 

In the exhibition halls there was installed a new group of Rocky 
Mountain goats prepared from material collected by Secretary and 
Mrs, C + D + Walcott; the case represents a family of four with an 
appropriate background of rodkworb. A number of older mounts 
of other niommals have been replaced by material prepared by 
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modem methods and additions turns been made to the collections 
exhibiting the local fauna* A sceond group not quite completed is 
that^f the dik-dik, it diminutive antelope from Africa. 

Crfoloijy .—Although ti decrease is shown in the number of acces¬ 
sions urn I iiiiiuLiiit of material received in this department as com¬ 
pared with 1923—24, reference to earlier reports shows the present 
year to be an average one, with a total of l ( Jh accessions, aggregating 
79,674 specimens. 

The paleontological collection* are again the chief beneficiaries, 
notable among the acquisitions being the results of Secretary Wal¬ 
cotts field work for the part four years, as well as collections made 
by Doctors Bossier, Ressar, mid Ulrich in the summer of 1924. 
Gifts altio materially increased the collections of invertebrate fossils, 
particularly those of the Mesozoic and Oenozoic periods, and one 
bequest added many thousands of specimens, including types. 

In vertebrate paleontology the most important acquisition is a 
series of footprints from Permian deposits secured hy Mr. C. W. 
Gilmore from the Hermit Trail, Grand Canyon National Park, 
working under the auspices of the National Park Service* Dr, f J. C. 
Mernim, of the Carnegie Institution, of Washington, who was 
instrumental in jperfecting She arrangements under which this ma¬ 
le rial was secured, supplemented it by additional specimens taken 
personally. Hu? fossil cetacean collection has also been materially 
me reused and is now thought to be probably the largest and best 
preserved a sseju bjagr of these forms in any American institution. 

A series of un usual forms of si a I mitites and. stalagmites from 
Carlsbad Caverns. New Mexico, presented by the National Geo¬ 
graphic Society, permitted the installation of an important addition 
to the exMtdte showing ca ve phenomena. 

In the field of applied geology the most important materia! re¬ 
ceived was that obtained by Assistant Curator Foshag while work 
ing with a United State.* Geological Survey field party in New Mex 
ico. Doctor Foshag also collected much mineralogicat material 
needed for the study collections. A few striking exhibition speci¬ 
mens of ores were obtained from various sources* 

Cob W. A. Roe]>1 ing was the chief contributor to the mineral col¬ 
lections* fi accessions comprising 51 specimens being credited to him 
during the year. The most notable of these is a group of axinite 
crystals thought to be the largest of this mineral yet found. 

A crystal of the new mineral, afwillite t donated by Mr. Alpheus 
F . W l 11mms. is of particular interest in being one of the tvpe lot 
which consists of less than a pound of the material. Notable speci¬ 
mens for exhibition were furnished through Mr, F. L. Hess, of which 
a group of large wulfenite crystals from Mexico, and a mass of 
pink muscovite and umblygornta from New Mexico are prominent 
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Through the interest uf Mr. Worcester R r Warner and the courtesy 
uf ih® Fukushirna Go. ( Inc.). New York T the department of geology 
has been privileged in exhibit a crystal ball of unusual size and per¬ 
fection, weighing 110 pounds a ltd measuring 13% inches in diameter, 
which h saiil to be the largest of it a kind known. This has attracted 
ninth attention from visitors-. 

Exchangee have added materially to the collections in all divisions 
of the department. bolh for exhibition and study, and a few objects 
have been acquired by purchase* Several additions have been made 
to the meteorite col led ton. consisting chiefly of fragments of mod¬ 
erate size, which* while important from a scientific standpoint, add 
little hi the exhibits. A number of gems have been added to the 
Isaac Lira collection through Hie Frances i^ea Chamberlain fund. 

Secret ary Walcott confirmed bis researches in British Columbia; 
Dr. R. S. Bailer, in Tennessee* in cooperation with the geological 
survey of that State: iJr. C. E, Hesse r, in the Rocky Mountain re¬ 
gion of the Fnited States; and Dr. W- F. Foshag was detailed to 
accompany a geological survey party in New Mexico. Mr. C_ W. 
Gilmore spent aune weeks in the Grand Canyon National Park* 
under the auspices of the National Park Service. 

Work on the exhibits has been chiefly confined to cleaning and 
rearnmgingv no important changer; having Iwn made. In strati¬ 
graphic paleontology much time and effort have been consumed in 
expansion of the collections and in general cleaning and rearranging 
of the paleobotiuiical collections. The efforts of the force in verte- 
hratc paleontology have been confined almost wholly to the prepara¬ 
tion of the huge dinosaur skeleton, collected last year, with satis¬ 
factory results. 

Research work has continued to the extent permitted by other 
duties. 

Arfjt urtd induttrie*. — Growth in tim department has been satis- 
factory in the main though hampered in many lines by crowding. 
Materials for accession are selected with great cure, but so much 
that is wholly desirable is offered that available facilities for ex¬ 
hibition are greatly overtaxed. 

In the division of mechanical and mineral technology there was a 
slight falling off in the number of accessions received and a material 
decrease in the number of specimens catalogued during the year, due, 
primarily, to a luck of exhibition and storage space. This condition 
is aggravated more and more each year and will lead to further de¬ 
crease in the rate of acceptance of objects for the collection since 
now choice may he made only of things urgently required. 

Tn the transportation section one early type of automobile was re¬ 
ceived. a Knox car made in 10Ol t presented bv Mr?. Laming Van 
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Aukom Watervliet, N. Y. The signal section of the American Rail- 
wav Association added to its series of specimens, showing develop¬ 
ments in railway signaling, 1G objects ibat indicate some of the 
early efforts in block signaling. The Bud* Co. T of Harvey, IIS,, pre¬ 
sented a full-stack gasoline automobile engine operated by an elec¬ 
tric motor specially arranged for exhibition. By pressing a bin- 
ion it may he put in operation, thus permitting study of ninny of 
i be working parts in action. Mr* Henry Ford presented a specially 
prepared exhibit of the planetary transmission used in the Ford 
automobile. As this is one of the distinctive types of automobile 
transmissions it will form an interesting part of an exhibit now 
under way designed to illustrate the various fundamental units com¬ 
posing the automobile. 

The Portland Cement Association, of Chicago. Ilh, through its 
local office, presented u full-size photographic copy, suitably framed, 
of the original patent can Portland cement granted by King George 
1J1 to Joseph Aspdin in 1824. The presentation of this interesting 
paper was made in the presence of about 12 officials representing 
various departments of the Government interested in Portland 
cement and was accepted on behalf of the Museum by Secretary 
Walcott. The framed copy now hangs in close proximity to the 
exhibit on Portland cement in the division of mineral technology. 

The collections under the supervision of the curator of textiles, 
which, besides textiles, embrace wood technology, foods, animal 
products, organic chemistry, and medicine, were increased by many 
gifts and by transfer of material from other Government bureaus, 
amounting in all to over 8 T R0G objects. A statement concerning the 
most important: of these follows: 

Series nf industrial specimens illustrating many branches of 
rubber manufacture, the manufacture of waling wax, and a model 
showing the preparation and dyeing of furs were added to the 
collections from the field of industrial chemistry. The textile cob 
lections were increased by gifts of fibers, yarns, silk and cotton 
dm*? and drapery fabrics, wool fabric^, mohair plushes, and machine 
embroideries; also many examples of modern handicraft. To the 
collections arranged tq show the importance of wood and the indus¬ 
tries based thereon were added veneered panels of wood used in 
the furniture industry, showing the different kinds of finishes used, 
n series of specimens demonstrating the manufacture of lead pencils, 
and a large timber of Douglas fir to represent an important product 
of the forests of the Pacific Northwest. The collections added to 
the division of medicine were chiefly in the field of public health, 
and consisted of models and posters showing advances in Hanitary 
science. Specimens of materia mediva and numerous objects assy- 
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dated with the history of medicine in America were among other 
additions to this division, 

Work of the division of graphic arts continued mainly along lines 
developed in past years, and consisted of improving and completing 
existing series of specimens and the continuance of special exhibi¬ 
tions. Fourteen of the la Iter held during the year attracted favor¬ 
able attention. Valuable additions to exhibit materials have been 
received or promised as a result of these exhibits. 

One important new exhibit of microengraving has attracted much 
attention. It consists of The lord’s Prayer T! engraved on glass in 
a square space about yxHr? of an Inch on a side, so arranged that 
it b viewed under a misernpe through the eye of a needle. The 
entire exhibit was prepared and presented by Alfred Me Ewan* of 
New York City. 

The exhibit of mezzotints has been completely rearranged, with 
additions of new specimens to the historical series and of two series 
of plates and prints to the technical set, so that it now presents a 
clear idea of the early and modern methods of engraving mezzotints* 
The collection illustrating methods used hi printing for the blind 
has also been greatly improved by the incorporation of additional 
material which gives a clear idea of the method of making and print* 
lug the special plates required in this work and the manner in which 
the characters arc read by the blind. 

Three Babylonian tablets about hnOO years old* inscribed with 
cuneiform writing* acquired by purchase, have been placed with the 
exhibits on the history of w riting w here they make an interesting 
addition. Two of those of small size are of baked day and represent 
a skillful form of writing. The other represents the effort, of a 
schoolboy learning to write, and, while crude* is of considerable in¬ 
terest. Tablets of this latter kind tire very rare, as they are of un¬ 
baked day and were not intended to tie permanently preserved. 

From Mr. B. M. Comerford, of Washington* D. Q t were received 
four examples of the rare and beautiful art of fore-edge decorating, 
which consists of painting on the small portions of the leaves of a 
book that are exposed when the hack is pushed out of normal posi¬ 
tion. The picture disappears when the book is dosed. This art is 
said to have been originated by Samuel Meame* who is reported to 
have practiced it nearly us 1GG2 P 
The aquatone process which was mentioned in laid year's report 
as a new and beautiful development among modern photomechanical 
processes* is now represented by an exhibit indicating the technical 
steps in the process of preparing and printing such a plate. This 
is the gift of William Edwin lludgc, of New York* and shows well 
the simplicity of the process and the beauty of the results obtained- 
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Tin* two traveling exhibit# prepared by the division have been out 
almost continuously, ami have l>ern shown by carious art museums 
mid graphic art organizations in the eastern half of the country, 
including those in Milwaukee, IVis.. Brooklyn, N. Y.. and Houston, 
re's., as well as many intermediate poiTps. Four other smaller ex¬ 
hibits are being prepared, which likewise depict the technical side 
*>f graphic arts Imt on a smaller scale. There consist of 85 mats, 
measurin'* 14 by J7 inches, weighing approximutely 30 pounds, that 
('an las shipped by mail at very small expense. The larger exhibits, 
which weigh 320 and 430 pounds. rcsjiectively, are forwarded by 
express. 

The collection of photographs in tlie seel ion of photography is 
becoming one of the most Important public collections In the coun¬ 
try. due to the elTbrte of A, J. Olmsted, custodian, and Mr. Floyd 
Vail, nf New York City. 

I!txtnrij .—The additions to the historical collections surpass both 
in number and scientific im|iortancp those received during the previ¬ 
ous year. The military collections have been increased by the addi¬ 
tion of a number of objects of s] wehi I interest, among which are a 
presentation sword, flags, uniforms and accessories, and medals and 
badges owned hy Lieut. Gen. Nelson A. Miles. The sword was pre¬ 
sented to General Miles in 1S87 by citizen* of the State of Arizona 
in recognition of his sendees in connection with the capture of the 
Indian chief. (Jeronimo, and his hand of hostile Apaches. The 
medals and badges include the Congressional Medal of Honor and 
the budge of the Society of ihc Cincinnati. An object of special in¬ 
terest in tliis connection is a large heart-shaped shield of silver and 
bronze which was presented to General Miles by the officers of the 
hiftli l niled States Infantry. These objects have been received bv 
the Museum from Mrs, Samuel lieber and Maj. Sherman Miles. 
United States Army. A number of presentation and service swords 
owned during the nineteenth century hy Maj, Gen. Frank Whoa tun. 
United States Army, have been presented to the Museum hy Mrs 
Frank Wheaton. Irani (ten, John J, Pershing was received a num¬ 
ber of military Hags, maps, and posters, and the office desk and acces¬ 
sories which he used at the headquarters of the American Expedi¬ 
tionary Forres at Chaumunt, France, during the World War. 

The naval collections have been increased by the addition of a 
sword and two uniform coats owned during I he early part of the 
nineteenth century by Commodore Samuel Woodhouse, United 
States Navy, which have been presented by Dr. Samuel W. Wood- 
house, jr„ and also by the transfer from the Navy Department of a 
series of 17 models illustrating the development of the United States 
Navy during the period from I77li lo 1920. 
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Through the- cooperation of the United States Treasury Depart¬ 
ment. a number of valuable United States and foreign come and 
medals have been added tea the numismatic collections. Of special 
interest in this connection has been the transfer from the Treasury 
Department to the Museum of about 800 publications, forming a 
highly useful Library, on the subject of numismatics- 

The portrait collection was increased by the following additions; 
A portrait of Elizabeth Cady Stanton by Anna E* Khimpho Was 
presented by the National American Woman’s Suffrage Associa¬ 
tion; portraits of Gen. John J. Pershing and Marshal Ferdinand 
Focli were presented by the artist, Victor Perurd. A portrait of 
President Warren G> Harding, by John loura, showing the former 
delivering an address at Stanley Park, British Columbia- July 
1923, was presented to the Museum by the National Press Club* 
Washington, I). CL 

EXPLORATIONS AND FtEUl WORK 

The greater part of the materia] added to the collections during 
t3ie current year was as usual derived from expeditions and ex¬ 
plorations under the auspices of private organizations and Govern¬ 
ment agencies. 

In biology the National, Geographic Society was ft large con¬ 
tributor through its expeditions in China* in the Arctic, and in this 
country. From the funner extremely valuable and extensive col¬ 
lections, comprising some 68,000 plants, over LflQO birds, 80 mom¬ 
ma ls a and other specimens, were received from the society's expedi¬ 
tion under Dr, Joseph F. Hock, principally from the Province of 
\ unimn. The bulk of the material collected by the society's expedi¬ 
tion under Mr, F r R. WuMn, which has been referred to in previous 
reports,, was received during the past fiscal year. It comprised im¬ 
portant and extensive collections of birds, mammals, reptiles, and 
fishes from inner Mongolia, the Alashan Desert, and Western Kansu, 
in the region of Lake Ko honor, northeastern Tibet, as well as from 
the Min Sim Range, which marks the boundary between the 
Provinces of Kansu and Szechwan* The specimens from this source 
are of particular importance, since they afford topotypes of mimer- 
mis species described from Przevftlskrs famous exploring trip of 50 
years before. They also include important ethnological material 
from a region not heretofore represented in this institution. Tim 
collections from these sources supplement those made by Mr. R. g. 
Clark and Mr* Arthur de€. Sowerby in 1908-9 m Kansu, Thimsi, 
and Shensi, and the important collections made during the past 
year by Rev. David C* Graham in Szechwan. The latter were 
secured on a difficult trip to Songpan and the Yellow Dragon Gorge, 
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and comprise runny sped mum new to lhe Museum. Incidental to the 
Arctic explorations undertaken for the National Geographic So¬ 
ciety m Bering Sen and Arctic America during the summer of Jft24 
by Capt R. A- Bartlett, and by Mr. D. B. Macmillan in the Ji&irdmn 
in Greenland in 1951, some interesting 1 zoological material was se¬ 
cured and presented to the Museum. In August, C954* Mr. Paul (A 
Standby was detailed as a member of the Carlsbad Cavern expedi¬ 
tion of the National (bographic Society, his association in the en¬ 
terprise resulting in n collection of some 500 specimens of plants* 
many of species not previously known from New Mexico. A popu¬ 
lar account of the vegetation of the Carlsbad Cavern region ha> 
been prepared for publication largely on the basis of this field 
work. Under the auspices of Mr* Robert S. Clarke several eastern 
Provinces in China were visited by Mr. Arthur dcC Sowerby, from 
whom extensive collections were received# Dr, Hugh M. Smith, 
who is at present fisheries adviser to the Siamese Government, for¬ 
warded interesting zoological material from that country. 

As n result of Ids visit to Haiti during the spring of IP25, Mr. 
Gcrrit S. Miller, jr., of the Museum stuff, ^eciirfd n collection of 
the extinct vertebrate cave fauna ils well as miscellaneous specimens 
of the living mammaIs, birds, reptiles, insect^ ind plants of the 
ssland. Doctor Bartech continued his experiments with Cerions, 
through the assistance of the Carnegie Institution of Washington, 
bis visit to the experimental colonies of these molhtaks planted on 
the Florida Keys resulting in the addition of some 5,700 specimens 
to the collect ions. In addition, through the cooperation of the 
United States Coast Guard, lie was able, with the assistance of Mr. 
W. B. Marshall of the Museum slall t to do *ihiio dredging in the 
inner leads of Cape May and in she shallow waters off the coast 
of New Jersey, whieh resulted in adding quite a number of speci¬ 
mens from a region little explored. A surrey of the fisheries of 
the Republic of Salvador, undertaken by S. F. Hildebrand and 
V, J, Foster, of the United States Bureau of Flaherty at the request 
and at the expense of the Salvadorean Government, resulted in the 
collection and subsequent transfer to the Museum of a large collet 
tiun of fishes and *ome crustaceans from the region referred to. 
Secretary Walcotts field work in the Canadian Rockies, in addi¬ 
tion to yielding important paleontological material, added a num¬ 
ber of valuable zoological specimens, some of which have been 
utilized in preparing a new exhibition group of Rocky Mountain 
goats in the Mammal Hall of the Museum. As the result of the 
detail by the Department of Agriculture of Mi^ Agnes Chase, of 
I tic Bureau of Plant Industry, to Geld work in the eastern high¬ 
lands of Brazil, important botanical material was received for the 
National Herbarium, 
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Dr, William SchaiiE, honorary assistant curator of injects, through 
personal efforts raised the sulu of $50,000 for the purchase of the 
famous collection of Lepidopfceru gathered by M< Paul Domnin. 
W unite, France, comprising a series of specimens highly valuable 
for studies of these important insects. Doctor Schtuis want to 
France to supervise the packing of this collection for shipment to 
the museum, where it has been received, although not in time to be 
included in more detail in report. 

The material secured by the Marsh-Darien expedition to Panama, 
referred to in last years report, was received during the pu*t year. 
It contained so much interesting ethnological material of n dos.s 
not previously represented in our collections that it has Keen made 
the basis of a special report prepared by Mr, If. W. Krieger, curator 
of ethnology. Mr. Neil HL Judd, curator of American archeology 
in charge of the Pueblo Bonito expedition of the National Geo- 
graphic Society, seen red important collections fur the Museum, and 
equally important material was secured by Mr. Gerard Fowke 
under the auspices of the Bureau of American Ethnology from 
burial sites near Muscle Shoals, Ala., which will sunn the covered by 
water impounded by the Wilson Dam. Doctor Fewkes, Chief 
of the Bureau of American Ethnology, assisted by Mr. M. W. 
Stirling, of the department of anthropology, conducted an espiora¬ 
tion of ancient Indian mounds at St. Petersburg, Fla., which resulted 
in important finds and material valuable, to the collections. Dr. 
Ales Hrdlicka, of the Museum stuff, assisted by a generous grant 
from the Buffalo Society of Natural Sciences, left in March for 
an extended trip through the Far Fast, Australia, and South Africa 
for the purpose of observing at first hand a number of peculiar 
races of men and to collect data on various discoveries of ancient 
man. 

Under the auspices of the United States Geological Survey, Dr* 
W. f\ Foshug, of the Museum staff, was enabled to make collections 
and to visit mineral properties in western Nevada where acquaint- 
unees made with mi lie owners and collectors will inure greatly 
to the benefit of the Museum. He aho collected a germ of minerals 
from California, Short trips to various localities in Maryland 
were made by Mr. Earl V. Shannon, of the Department of Geology, 
in cooperation with the State geological survey, and to Connecticut 
through an arrangement with the geological and natural history 
survey of that State, which resulted in necessary additions to our 
collections. Aided by grants from the (X C + Marsh and Joseph 
Henry endowment funds of the National Academy of Sciences, 
Secretary Walcott continued his field work in western Alberta 
for the purpose of completing his reconnaissance of the pre-Devonian 
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formations north of Bow Valley, the main objects of this year’s 
work being to determine the correct geologic horizon of the Lye LI 
limestone. Many attempts to do this during the past sis years 
resulted in failure, and it really seemed that these great lime¬ 
stone beds were barren of fossils. In measuring geologic sections 
in the Tilted Mountain Area, however, interbedded bluish-gray 
layers containing fragments of Upper Cambrian trilobitea were at 
last found, which proved their correct geologic horizon. 

Ur. Charles E. Hesse r continued his Held explorations of the Cam¬ 
brian and associated formations. Dr. R. S. Basslcr* in cooperation 
w ith tlie geological survey of Tennessee, continued his work in that 
State, and at the same time made collect ions of Mississippi an fossils 
for the Museum. Mr* Erwin K. Pohl was detailed for a short time 
to make collections from the celebrated Rysedorph conglomerate of 
northern Xew York, which resulted in a good series of fossils for the 
Museum* 

In cooperation with the National Park Service, Mr. C W. Gilmore, 
curator of vertebrate paleontology,, visited the Grand Canyon Na¬ 
tional Park, Aril., fur the purpose of accompanying the Doherty 
scientific expedition m an observer to investigate and make col¬ 
lections of fossil tracks exposed in the Coconino sandstone and to 
prepare an exhibit uf the tracks in situ by the side of the Hermit 
Trail leading into the Grand Canyon. His trip was a most success¬ 
ful one in all of its aspects, a series of slabs some 2.0CK) pounds in 
weight and containing a splendid series of the fossil footprints being 
collected and shipped to the Museum, Dr. J. W- iiidley, of the geo¬ 
logical staff of the Museum, visited the region around Melbourne, 
Fla., on two occasions during the year and secured an interesting 
collection of foesik. He also visited A dele, Iowa, for the purpose of 
studying the geology of a formation in which had lwen found certain 
human artifacts. Continuing the practice of previous years, Mr* 
Norman Boss made several short trips to the Calvert Cliffs along 
Chesapeake Bay in search of Miocene fossils . 

A movement which promises important results to the Museum was 
inaugurated in the summer of 1924, w hen tho Secretary of the Navy 
invited the Smithsonian Institution to partidpite in a conference of 
representatives of the executive departments and scientific establish¬ 
ments of the Government of the United States for the purpose of 
formulating plans for a naval expedition to undertake investigations 
in oceanography. Mr. Austin Chirk, Dr Waldo L. Schmitt, and Hr, 
Paul Bartsch, of the Museum staff, were designated as representa¬ 
tives of the Institution On this occasion, and at the close of the meet¬ 
ing Mr, Clark was chosen as representative uf the Smithsonian In¬ 
stitution and its branches on an executive interim committee. 
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IIUIUH KOS A XII EQVU'ilKXr 

The various buildings of the MiiMitu have been ktpt in jjooti con¬ 
dition throughout the year through minor repairs, which have con¬ 
sisted largely in painting walls, ceilings, and floors, repairing cracks 
in plaster and cement surfaces, painting tin gutters and roofs, and 
work of a similar character. In the Arts ami Industries Building 
now floors were laid in a few of the rooms and the ventilation im¬ 
proved. 

In the Smithsonian But I ling it was necessary to replace with 
beaded sheets the entire plaster ceiling of the main hall on the third 
floor, occupied by the Museum's division of plant-?. The work was 
done partly by contract and partly by the Museum force. 

Under a special appropriation for the purpose, four modern fire 
hydrants were installed under the direction of the District Commis¬ 
sioners in i he Smithsonian Park. 

The cost of heating for the year was considerably less than during 
the previous year, due partly to the lower cost of coal ami partly to 
the fact that for the first time in many years it was possible to 
secure coal from ihe New River Jjelds, which is hotter adapted to the 
heating apparatus. During the year, 3,292 turn; of bituminous and 
15*o tons of anthracite coal were used* The total electric current 
generated during the year was 470,7011 kilowatt-hours, at a total cost 
of 2.302 cents per kilowatt-hour, including labor, material, interest, 
ami depreciation on the plant. 

A total of 340.3 tons of ice were produced during the year at u 
cost of $2.30!) jior ton. A new compressor has been purchased which, 
with increase in the size of the condenser made during the year, will 
increase the capacity of the ice machine from 2 to 2% tons per day. 
Even with the cost of the new compressor included, the cost per ton 
of ice will he tinder tile wholesale price paid for ice by the Govern¬ 
ment. 

During the year IS exhibition esses and hoses and 127 pieces of 
storage, laboratory, office, and other furniture were acquired by 
purchase and construction. Of the storage cases 11 were purchased 
ami j 1C built in the Museum shops. 

MKKHNU* AND UKrttTION9 

The Department of Agriculture wine grunted the use of the audi¬ 
torium on October 27, 28, and 31 foi a series of lectures bv Dr, 
Vernon H. Black man. of the Imperial College of Science ami Tech¬ 
nology in IjOndon, and on .January 8ft for a lecture on Agricultural 
Research and the Community, by Sir Daniel Hull, scientific adviser 
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to tbe Minister of Agriculture in England, all lectures being open 
to department workers and others. Other bureaus of this depart¬ 
ment using the auditorium were the Forest Service for a series of 
five lectures extending from October to «Tune, the Bureau of Agri¬ 
cultural Economics for aii exhibition and talk on the evening of 
April 20 by Mr. L. M. Estabrook, and the Federal Horticultural 
Board on June 20 and 30, for public hearings on fruit and rose 
stocks and the white-pine blister rust (when room 43 was also used), 
and again on September 20 by the same board for n conference on 
the white-pine blister rust quarantine. The auditorium ami till com¬ 
mittee rooms available were used for a national conference on utiliza¬ 
tion of forest products called by Secretary Wallace on November lit 
and 20. On the afternoon of May 22, the department's post, Vet¬ 
erans of Foreign Wars of the United States, held memorial services 
in the auditorium in honor of the late Henry C. Wallace, and of the 
men of the Department of Agriculture who lost their lives in the 
World War. 

The Department of Commerce occupied the auditorium for the 
National Radio Conference on October T and 8. 

Dr. Ales HrriHcktt, of the Museum stall, gave two courses of lec¬ 
tures on anthropology during the period from October 24 to Decem¬ 
ber 19—Man's Origin, on Friday afternoons in the auditorium, 
and Man’s Physical and Physiological Characteristics, on Monday 
afternoons in room 43. These proved highly popular and ware well 
attended. 

Under the auspices of the School of Foreign Service, a series of 
12 lectures were given in the auditorium by Dr. Edmund A. 
Walsh, S. J,, of Georgetown University, on Russia in Revolution. 
These extended over a period from February 13 to May 15 and 
attracted much attention. 

Associations and societies using (lie auditorium and room -13 for 
their annual meetings were the American Association for the Ad¬ 
vancement of Science, Deccmlter 20 to .January 3, and the American 
Society of Mummaloglsts, April 8 to ID. Tim American Surgical 
Association met in the auditorium May 4, 5, and G, and on the same 
dates the eighth annual meeting of the American Association for 
Thoracic Surgery was held in room 43. On the evening of Janu¬ 
ary 2 the division of insects of the Museum was thrown open to 
members of the Entomological Society of America and the Associa¬ 
tion of Economic Entomologists, who were in attendance at the 
meeting of the American Association for the Advancement of Sci¬ 
ence. 

In addition to the foregoing the auditorium was used on various 
occasions by the Wild Flower Preservation Society, the Audubon 
Society of the District of Columbia, the District of Columbia Dental 
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Society, Washington Society of Engineers, Washington Chapter of 
the American Association of Engineers. Practical Psychology Club, 
and the Boy Scouts of the third division. 

Among the scientific and other societies that met regulmiy in 
room 43 were the Anthropological Society of Washington, the Ento¬ 
mological Society of \Y ashmgton, the American Horticultural ho- 
cicty, and the Society for Philosophical inquiry. Those using the 
room from time to time were: The Audubon Society of the District 
of Columbia during February and March for a series of talks by 
Dr, Alexander Wetmore | the Helminthtdogieai Society of Washing¬ 
ton, when Prof. E. Brumpt, of the University of Paris, made an 
address; the Biological Society of Washington, for an address by 
F. Johansen; the Washington Chapter of the American Institute 
of Chemists• the directors and assistant directors of municipal play¬ 
grounds; the Camp Eire Girls, and the Camp Fire Guardians; and 
the Garden Homes Association for addresses intended ■* to encourage 
people to own a home and garden.” 

Mr. Chr. Timms, minister of the Prince of Monaco to France, 
on November 29 gave a lecture on lhe results of a journey under¬ 
taken into eastern Africa for the purpose of advancing the cause 
of conservation of wild life. The lecture was illustrated by a line 
series of moving pictures impressive for lheir accuracy in revealing 
the habits of big game under natural conditions. 

At the request of the Air Service Officers Reserve Corps, pictures 
illustrating the flight around the world were shown in the audi¬ 
torium on the evening of April 8. 

On the evening of May 2 the auditorium was used for a private 
Showing of the historical picture made for the Commission of Re¬ 
lief in Belgium, before Secretary Hoover, who was chairman of 
that organization during the years of its operation from 1911 to 
1919. 

The auditorium was also used by the following: The Filipino 
Club of Washington, on the evening of July a, for a meeting to 
celebrate the Fourth of July: El Club Cervantes, on the evening 
of December ‘JO, to celebrate the centenary of the Battle of Ayacncbo, 
the decisive battle in South America's wars for independence: Sefior 
]>m C- do Quesada, of the Cuban Embassy, on the evening of March 
28 to celebrate the ratification of the treaty of iho Isle of Pines and 
in honor of the Spanish War Veterans ; the Cornell Alumni Society 
of Washington for a musical recital by Prof. Vladimir Karepetoff, 
of Cornell University, on (he evening of April 23, 

A national spelling bee was held in the auditorium on the eve¬ 
ning of June IT, under the auspices of the Courier Journal and 
IjOuisviLle Times, of Louisville, Ky, 
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At the request of ilie WishLngton Chapter of the American In¬ 
stitute of Banking nil of the exhibition halls on the ground, first, 
and second floor# of the N Literal History Building were opened on 
the evening of July 1$ for a reception to the members of the In¬ 
stitute meeting in Washington at that time. 

A joint meeting of the Anthropological Society of Washington* 
the Washington Academy of Science, and the Art and A relneology 
league, in conjunction with the Ardutologual Institute of America, 
was held in the anditori n in on the evening of December lG t during 
which Count Byron Kulm do Prorok gave a lecture on the “Carthage 
excavations, 1934,” and “The dead cities of the Sahara." After 
the lecture a reception was held in the Art Gallery. 

As one of the features of the meeting of the American Association 
for the Advancement of Science, on the evening of December 9fi t 
members and their guests were received in the Art Gallery by the 
Secretary of the Institution and Mrs. Walcott, at which time the 
entire first floor of the building was open. On the evening of 
June 10, Lhii hulls on the first and second floors wore opened for 
a reception to the delegates of the National Association of Credit 
Men attending the convention held in Washington from June S lo 13. 

Mlt^CtlLLA NEO t: S 

Tor the first time In the history of the Minium the total number 
of visitors to the several build mgs reached more tiiun 1,000,000. 
These were recorded at the several buildings u^ follows: Arte ami 
Industrie^, 804,858; Natural History, 557,01(1; Aircraft, 52,787; 
Sudthsouinn, 107,342; a total of 1,022,003. 

The Museum published 5 volumes and 7U separate papers during 
the year while its distribution of publications amounted to 101,500 
copies of boohs and pamphlets. 

Additions to the library numbered 1,457 basks and 1,81)4 pam¬ 
phlets, mostly obtained by exchange or donation, Willi the futuD 
available, only a few boobs could be purchased. Important ion- 
tributiona which hove not yet been catalogued are lha bequest by the 
Sale CoL Thomas L* Catty of approximately 4^51X1 bonks and pam¬ 
phlets, mostly relating to Coleoptera, which were not entirely as¬ 
sorted until after the close €>f the year, and the transfer from the 
Treasury Department of wihj- books; and pamphlets relating to the 
science of numismatics. 

Through the operation of the reclassification act, which became 
effective July 1, T>24 s the salary standards in the Museum, partic¬ 
ularly of the scientific stnif, were mntcriully improved and for the 
first time iii many years every position in the Museum personnel wm 
ill ltd. The stall in the department of anthropology was completed 
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through the appoint merit of Mr* Herbert W- Krieger as curator 
and Mr, Henry B, Collins as abyUtant curator of ethnology. In the 
department of arts and Industries Mihs Aida M. Doyle wus appointed 
uic] to succeed Mr, Hurry W, Rabinowitz, resigned, und in the ill vi¬ 
sion of history Hortcnse Hoad wm appointed aid. 

In accordance with the speck! provision, included in the last 
appropriation act, cresting a new Assistant Secretary of the Smith¬ 
sonian Institution to have general charge of the museum interests 
of the Institution, including the United States National Museum, the 
National Gallery of Art ami the National Zoological Park, the pres¬ 
ent incumbent was honored with appointment to that office on the 
1st of April, 1025. 

The Museum lost two employees during the year through the 
operation of the retirement act T viz* Air. X. l\ Sc udder, assistant 
librarian of the Smithsonian Institution, in el large of the Museum 
library f and Robert Uhor T fireman. The only death among em¬ 
ployees on the active rolls of the Museum was that of Israel Free- 
mull, a laborer, employed in the Museum over 15 years, who died on 
July 16, m*. 

Respectfully submitted. 

Ajlsaanikeb Witkobi, 

Assistant Secretary. 

Dr, CoAELxa D. Walcott, 

Secretary S. mUhxt/st mit in stitntmn . 


APPENDIX 2 

REPORT ON THE NATIONAL GALLERY OF ART 

Sin: I have the honor to submit the following report on the 
affairs of the Nations] Gallery of Art for the year ending June 
3U, 1025. 

The activities of the gallery for the fifth year of its status as n 
separate administrative unit of the Smithsonian Institution cor* 
respond closely with tlu*sc of previous years. The staff, which Is 
limited to the director and the recorder, has been occupied during 
the year with the current work of the gallery; with the receipt, 
record, installation, and cure of the collections, permanent and tem¬ 
porary; with the affaire of the gallery commission; with the devel¬ 
opment of an art library; and with promotion of the gallery’s diver¬ 
sified interests. Other employees are: u stenographer, a gallery at¬ 
tendant, three watchmen, two laborers, two char women, and a 
carpenter who is assigned to the gallery by the National Museum 
when his services ore required. 

Addition* to the gallery collection* have fallen short of the aver¬ 
age of previous yea re, the art works received by the Institution and 
awaiting approval by the advisory committee of the gallery com¬ 
mission not greatly exceeding a hundred thousand dollars in esti¬ 
mated value. This falling off is due, at least in part, to the shortage 
of exhibition space. Further important enrichment of the collec¬ 
tions must thus await the erection of a gallery building, since collec¬ 
tors seeking it final resting place for their treasures consider very 
carefully their prospective installation and care. Mention may be 
made hero of the fact that during tint period between 1904 ami 1924, 
die period during which suitable exhibition space happened to be 
available in the museum buddings, accessions by gift and bequest 
averaged in value approximately half a million dollar* per year. 
With a gallery building such as the nation should have, it Is believed 
shut a million or millions annually would be within reasonable ex¬ 
pectation. It is hardly within the range of possibility that a 
second benefactor will appear who is willing to present the Govern¬ 
ment with a building for his gift aa did Mr. Freer, in order that the 
gift might be accepted. 

During I he year much attention has been given to the prepara¬ 
tion of preliminary plana fur a gallery building. Although Con¬ 
gress in 1921 set aside on appropriate site for u building, it was left 


REPORT OF THE SECTftETAHV 


49 


to the institution to obtain funds necessary for the employment of 
an architect to prepare the preliminary plans. As the result of an 
appeal for this purpose by the Institution, $10,000 was raised by 
private subscription f ami Mr. Charles A- Platt "was selected to pre¬ 
pare the necessary plans. During the winter of 1023-24 Mr* Platt 
spent several months in Europe engaged in the study of the more 
important art galleries. The committee appointed by the Regents 
uf the Institution to collaborate with Mr. Platt on the plans, which 
included in its membership Henry White, chairman, i rederic A. 
Delano, Herbert Adams, Gari Molehers, J. II. Gest, and C, D. WaL 
cott, met in the Regents- m on February 13, 1025, and Mr. Platt 
presented the sketch plans, which he stated had been carried just 
far enough to be submitted for consideration by the Institution, 
Two hours were spent in examining the drawings, which comprised 
plans of the three floors, sections of the building, and a detailed 
drawing of the snath front. Plans of u number of European gal¬ 
leries were submitted for comparison, and details of lighting and 
adaptation of space to the various requirements of the structure 
were considered* Mr- Platt stated that if the regents desired to 
have the work proceed the plans could be ready for llie beginning 
of construction within six months, and that if appropriations were 
made available, the building could lie completed in three years. It 
was expected by Mr. Platt that gs-anile would be employed in the 
building. Questions of construction, employment of builders, and 
cost were disclosed at length* Mr. Platt staled that the building, 
which as planned is 300 feet In width by 500 feet in length, will 
contain 10,000,000 cubic feet of stonework, and that the cost will 
hardly fall short of $\ per cubic foot. The committee accepted the 
plans us entirely satisfactory and reported to that effect to the 
Regents: of the Institution, 

The Platt drawings wore first published in an article which ap¬ 
peared in the American Magazine of Art. March, 1925, where they 
were accompanied for purposes of comparison by the plans of u 
numlier of the principal art museums of both Europe and America. 
It is expected that Lhe Regents of the Institution will, at the proper 
moment, present these preliminary plans to the committees of Con¬ 
gress having the erection of Government buildings in charge, for 
their consideration. 

The death of Senator Lodge, u member of the Board of Regents 
of the Institution, who in 1924 offered in the Senate an amendment 
to the deficiency appropriation bill providing seven millions for a 
gallery building, leaves the movement without a militant head, but 
another will doubtless lake his place since the urgent need of a 
building is now very generally recognized. The movement is re- 
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garded as having much added strength as n result of the fact that, 
as indicated in the Lodge resolution, the building when completed 
is expe. tod Li accommodate the collections of American history as 
well as those of art. The historical collections are of great popular 
interest, occupying to-day ISO/liHl square feet of floor space in the 
Smithsonian and the two Museum buildings—space urgently needed 
for the legitimate activities and vast collections of the sevenit 
branches of natural science, 

MEKtXNOS OF THE GALLERY COMMISSION 

The annual meeting of the gallery commission was held in the 
Regents 5 room of the Smithsonian Institution, on December 9, 1924. 
The members present were: Gnri Melchers, chairman, Herbert 
Adams, Joseph IT. Gest, John E, Lodge, Frank J. Mather, jr 
rhiirlc^ Moore, Janus Piirmetce, Edward W* Redfleld, Charles IX 
Walcott s and William TL Holmes 

The very important problem of the inclusion in the prospective 
gal Eery building of collections I Kith of nrt and history, as indicated 
in the I*odge resolution, was given attention and the view prevailed 
that it would be advantageous, at least for a time, to have the two 
departments in the same building, although definitely separated. 

The question of the acceptance of works of art by the advisory 
committee through the medium of correspondence was raised, and 
after discussion it was resolved that hereafter, a majority of the 
advisory committee W required to personally examine the works 
before making reconimeiulation. As a result of this action and t En- 
impracticability of calling lhr committee to Washington for the 
consideration of works offered from time to time, the practice has 
been adopted of having all works of exceptionally high merit offered 
to the gallery accepJcd by the Smithsonian Institution for submis¬ 
sion to the advisory committee at the annual meeting of the com- 
mission or on o* casiom of particular importance, at e&petially called 
meetings of the committee, 

Mr. Edmund (' Faibell was selected a member of the commis¬ 
sion to succeed Mr. Edwin H. TMadifield* resigned, and his appoint¬ 
ment wus recommended tn the Board of Regents. Regarding the 
expiration of the three-year terms of three members of the commis¬ 
sion, Messrs. John E. Lodge* James Parmelee, and E. W. Red Held* it 
was decided to recommend to l he Board of Regents the reelection 
of these members for the succeeding term of four years. The pres¬ 
ent members of the executive and advisory committees and the pres¬ 
ent officers nf the roratnission were reelected for the year 1925, 

The Platt plana for the proposed National Gallery Building were 
then presented by the .weretary and were given careful considera¬ 
tion by the members of the commission. 
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The advisory committee nf the eoitmiiesjon met in (he gallery 
December 33, Gan M cithers Mi m Ijcila Mechlin* iun] W# It Holmes 
lining present. Tlio following works were given favorable consid¬ 
eration : 

Portrait of If mi. James R Mann, by Gari Melchere. 

Three painting. He gift of Mias Emily Tuckennan: Hindoo 
Merchiinfej by Edwin Lord Weeks; Landscape (on copper), by 
Herman Saftteven; and The Refectory, by Eduardo ZaYna^ois. 

The personnel of t he rnrnmissbm is as follows: Gari Melchers, 
■dmirnmri; Frank Jewett Mather, jr-, vice chairman; William IL 
Holmes. secretary; Herbert Adams. W. K. Bixhy, James E. Fmi*er f 
Daniel Chester French, Joseph H. Gest, John E. Lodge, Charles 
Moore, James Pnrmclco, A* Kingsley Porter, Herbert L. Pratt, 
Edward TV* Kedliehb and Edmund C. Tartan. 

The executive committee is composed of Messrs, Moore, chair¬ 
man, Gcstf Holmes, Mather, jr. t Parmelee, and Walcott; and the 
advisory committee is composed of Messrs. Kcdfivld, chairman * 
Holmes, accent ary, Adams, Mclchers, Platt, Volk, ami Miss Mechlin. 
Su&co rum I tteca are its follows: 

Coiaialttee an nn-liitcelurr. A. KSha*h'y IVuTer, chnlnouL 
Committee on undent ra I riling Frank J. Mai tier, jr,, dmlrmim, 

€ r<mimiti■i^ un prints, lbe oriental James Partnclee, chiilrnrntt 

Ousnffiltt^ im sculpting Herbert Adama, dial rum a. 

Committee on American paltiling, E. W- Redfleld. rtmlnuuti. 

Committee on ceramics. Joseph H- Qcft, chfllmian T 

Committee on orient ill art, John E Lodjgftj rhnirmna 

Oommlttrc on modem European paintings. dart Mel client chnlrmtiiL 

Committee on teitllofl, no rlmirmnn at present, 

Tlie personnel of special committees is as follows: 

On Natlojuit Fart raft Gallery, Herbert L. Prntl, ehnlrmnfi. 

On gallery building, Charles Moore, chairman. 

On raising fund for preliminary huRding plana, JarnCN Paraclee. chair 
man. Charles Moore, <"lmrles D, Walcott, 

On auleetloa of architect fur prelim Emily plmm Hem? White, chairman, 
Herbert Adamti, Fretted* A. Iktniio, J, H. Gest, Curl Mi-lcberst, Cbatfe* IX 
Walcott, oi offleJo r 

On department of arch I Cert lire, —-- „ 

On preservation nf arrh]Ecr[urul perns. - —- F 

ACTIVITIES OF THE AMERICAS FEDERATION uF ARTS ANU THE rFJsRRATION 

OF WOOLdJBR 

'Hie work of the American Federation of Arts, in promoting the 
(levelopine iu of the national gnllery, deserves appreciative mention. 
At lLh 1923 convention in fit. Louis the following resolution was 
unanimously adopted: 

Whereas the United States Is the only civUtad nation which hns no national 
(tallerj- of urt; onJ whereas there is great need for u hallillng to liocue otir 

24458 
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untlfm'il art wllwtlon ivhicli In UiQ jmst few ye*» hns greatly teervns«l in 
B f». nod relar LlirminH sifts And bequest* of pnblie-srlrlteil rellreter* and 
in l|EvSi iuals: nn<] wlicrene. "O nrfCOtmt of rlie lack of bjiocc In whit* to eshlidt 
such jflfta. tills channel cr l'*neflecnr.‘ 1* now .-linked; Be It 

fferalwrf. That the American FedcrflLton of Arts undertake n campalgu of 
Oflncattob and promotion throughout l Ur United Stim-s. In order to nctjnnlnt 
tlii people of existing reradlthu.*, In Hie hnpe that It may he ibelr will when 
the fliers are known. Hint » HUlBctent non be npproprlnte.l hy CongrcM to 
(Kd ;l citable ImltilLns at the Nation*] Capital to house the nattaual col- 
lections ami to evidence to the world tbni we, as a people. wrognlie art to 
k a factor la oar national Ufa. 

Mi-s: Leila Mechlin, secretary of the American Federation of 
Arte, states that the federation has at present 375 chapters or affili¬ 
ated organizations in ail parts of the United States, lhe intention 
of the federation is In secure the cooperation of these organizations, 
and to interest a membership numbering several hundred thousand 
individuals in lhe gallery movement. 

Of lilte importance in the promotion of the national gallery are 
the activities of the Federation of Women’s Clubs under the ener¬ 
getic direction of Mrs, Hose V. S. Betty, chairman of the art 
department of the federation. This great organization, whose ac¬ 
tivities extend to every State in the Union, seeks as one of its pri¬ 
mary responsibilities to promote the cause of art. and especially to 
further art education in the most comprehensive manner. It seeks 
to have ihe world realize that the place given the arts of taste m n 
nation is an infallible test of the place that nation holds in the 
scnle of civilization: it maintains that the promotion of these arts 
is thus a national responsibility, In its lecture courses and publi¬ 
cations it utilizes the national collections, taking occasion to lay 
stress upon the humiliating fact that the American nation makes no 
adequate prevision for the acquirement, care, rind utilization of 
collections illustrating the world’s achievements in the many 
brandies of art. ignoring the example of all other civilized nations. 

si'iieiAi, ExmmmoNH jiuld is TttK u allot 

An exhibit of exceptional interest hold in the middle room of the 
gallery March 3 to April 13 comprised 19 miniatures by Mr. Alyn 
Williams and 34 works of sculpture hy Mr. Cecil Thomas, both 
exhibitors being Englishmen, although Mr. Williams spends much 
of his time in the United States. The exhibitors very gcoerously 
prepared ami had printed at their own expense a catalogue of the 
exhibits, copies of which were freely distributed. During the ex¬ 
hibit and for a short period thereafter Mr, Thomas was permitted to 
occupy one of the gallery spare rooms as a studio where he modeled 
two figure groups, The Duel anti The Spirit of the Dance, the 
inspiration for which had come to him while in Washington. While 
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thus engaged Mr, PhnniRs was fortunate in buying sittings for a por¬ 
trait bu-t by .Sir Esme Howard, British ambassador to the Unite! 
States, This work met with gtmtifyirig approval and a replica in 
planter was presented by the sculptor to the Smithsonian Institution 
at el dinner given in honor of Sir Esme by the Washington Branch 
of the English-Speaking Union, on May 13* Presentation was 
made by the presiding officer of tlio occasion, and il was accepted by 
Doctor Walcott. Secretary of the Smithsonian Institution, with 
appropriate words of appreciation, 

A collection of portraits in oil and various studies in other tech¬ 
niques by Leo Katz of Vienna, Austria, was shown in the two north 
room* of the gallery January 10 to February I5 f and the exliibil* 
comprising 35 items, proved of very special interest to the people of 
Washington. 

The gallery was fortunate in being permitted to place on view 
from December 10 to February 1ft a collection of art works in brotixe 
and terra cotta, nine in number, mainly busts of important person¬ 
ages, by Mrs, Nancy Cox-McCormack. The?e were mounted mi 
appropriate pedestals in the s-outh room of the gallery and included 
busts of Benito Mussolini, Italian premier, in black marble, and 
Henry P. Fletcher, ambassador to Italy, in bronze. 

A collection of 72 water-color paintings of the scenery of the 
national parks of the Rocky Mountain and Pacific coast regions, by 
Ounnar Wklforss, was exhibited in the middle room of the gallery 
December 10 to January 10, These paintings were vivid and highly 
realistic presentations of many remarkable subjects and attracted 
much favorable attention. 

THE HEN It"Y WARD RANGER FUNO 

As the paintings purchased during the year by the council of the 
National Academy of Design from the fund provided by lhe Henry 
Ward Hanger bequest are, under certain conditions, prwpectire 
additions to tbo national collection, I he Hat, including the names of 
the Institutions to which they have been aligned, is given here: 
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Tho paintings purchased from the Ranger fund during the pa^t 
fiscal vcar and ima^lgned at its dose (192&-S4) haie subsequently 
been aligned as follows; 

$G MEdjnuuutpjv bj WUlUui S. BcbinMU, S r A,; to Site art guitar? «f Washburn 

CoUejfe, Tupekfi, Kim* 

3T- Tlie BiiUrer*. by Hjipna-r Nlchol*, a, jtf. to the Art Hull of Beirut cat- 
BeMt t Wts. 

Aft Tfj* Neeklteftp by Richard k. Miller, N. A.: to the Butler Art Institute, 

Youn[?atOiirn + Ohio] 

41 CSeurlnj? After Sftpteutber 0nI*~Ma[n* Cfmxt, by HrfwArJ Bn^dl Butler, 

N * A-; £o She An Association of IndirinniKilK Ind. 

A TIT WORKS AOEIKO OURIKU TlfF TEAR 

Permanent accessions of art worlo? For the year are as follows: 

Three paintings. the pi ft of Hiss Emily Tucker man : Ilindno Mer¬ 
chant 1 ?, by Edwin Lord Weeks; Landscape (on copper), by Herman 
Saftloven; and The Refectory, by Eduardo Zamacnis. 

Portrait of the late Hon. James II. Manu, member of the Board 
nf Iiepenft' of the Institution from 1900 to 1011, by G*ri Matchers. 
Gift of Mrs. .Times R. Mann. 

Entrance portal to the Benjamin II. Warder house. In 15 K Street 
SIV., Washington. D. C. t designed by the eminent architect, Henry 
Hobson Richardson (lS3tf-18*G). including the door, car veil trim 
and coussoirs (Rcrcn grit). Gift of the cooperating co mmi ttee nji 
architecture in the National (gallery of Art, through Mr. Horn re W- 
Peislee, acting chairman, end 13 subscribers. 

A landscape in waler color. The Patriarchs. Zion Rational Park, 
by Gunnar Widforss. Gift of the artist. 

Portrait of Chauncey Mitchell Depew, by George Burroughs Tor- 
rey. Gift of the Hon. Chaonccy Jt Depew, for the National Por¬ 
trait Gallery. 

Portrait bust in plaster (bronzed) of the Rt. Him. Sir Esme 
William Howard, British ambassador to the United States, by Cecil 
Thomas. Presented by Mr. Cecil Thomas through the Washington 
branch of the English-Speaking Union, 

The Libyan Sibyl, a statue in Carrara marble, heroic in aire, by 
William Wctmoro Story, and a portrait bust of Napoleon Bonaparte, 
in Carrnrw marble, by Kaimondo Trentanovc. Presented hy the 
estate of Henry Cabot Lodge, through Mr, John E, Lodge. 

Portrait of Dr. Samuel Picrpont Langley, by Mme. M. de Left- 
wich-Dodpe. Gift to the Smithsonian Institution from Mme. A, 
Langley Ctooea, of Rome, Italy, sister of Do-:tor Langley. 

Medallion portrait {In plaster) of Dr. Charles W. Eliot, president 
emeritus of Harvard University, by W. Clark Noble. Gift of Mr 
W. Clark Noble. 

Collection of French and other art objects, including silverware 
furniture, porcelains, pottery, glassware, bronww, etc. Bequest of 
tile Rev. Alfred Duane Pell, D. D., not a* 1 vet fully received and 
recorded by the gallery. 
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LuAXri AccBmaa nr hie oaixebt 

Portrait bust in marble of the late Samuel Gompers, president 
u( the American Federation of Labor, by Mo&ea Wainer Hyknur; 
lent by the American Federation of Labor. 

Four paintings lent by the estate of Henry Cabot Lodge, through 
Mr. John K Lodge* aw follows: Portrait of Alexander Hamilton, by 
Jol m Trumbull; portrait of Fisher Ames, by Gilbert Stuart; River 
Landscape with Cattle, by Constant Troyon; and Stable Interior 
with Horses and Groom, by John F. Herring. 

A painting of large size, The Annunciation, attributed to Lo¬ 
renzo Sabbat ini (or Lorenzino da Bologna ) f lent by the Misses 
Me Key through Miss Laura M. McKey, 

lAJANS nt Tilt: GALLZBT 

Paintings belonging to she gallery were lent for exhibition else¬ 
where, ns follows: 

The large pointing entitled 4i The Happy Mother,* by Max Bohm t 
lent to the Painters and Sculptors Association, Grand Central Art 
Gal lories, to be included m an important memorial exhibition of 
the works of this artist in November, 1S2L Returned to its place 
in the gallery at the close of ihe exhibition. 

The painting entitled lt June,* by John W* Alexander, lent to 
the American Federation of Arts for a special “Alexander ex¬ 
hibit* The collection was shown aC Albany s N. Y +> in the art 
department of the State Teachers College, and later at Easton. Pa.., 
when* it was used by the art supervisor of the Easton school district. 
The painting Isas been returned to ic^s place in the gallery- 

The three paintings. Bitch Clad Hills* by Ben Foster, A Family 
of Birches, by Willard Metcalf, and Tin Tsknd* by Edward W. 
Red field, lent to the American Federation of Arts for the Interna¬ 
tional Exhibition nf Paintings by American Artiste held in Venice, 
Italy* during ths summer nf 1924, have been rammed to the 
gallery. 

One set of colored slides of works belonging to the gallery, lent 
to the American Federation of Arts, and a second set to the art 
department of the American Federation of Women's Clubs, are 
retained for utilization by these organizations; In several instances 
selections from the gallery h collection of slides have been lent to the 
normal school* of Washington and to the art department of Howard 
University* 

MSTHmUTIONS 

Paintings lent to the gallery have been withdrawn by their owners 
during the year as follows: 

Itosita, by L Zuloaga; withdrawn by the Hon. John Cecil for Mrs. 
George W. Vanderbilt 
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Portrait of Hi* Daughter, by Titian (o&pyt); withdrawn by Mr, 
Joseph Stewart, who had punhaaed it from the former owner, 
Dr, Nathan BoytL 

Self Portrait by James Duveaux; withdrawn by Dr, Houston 
Mi 111 in, the owner, who bad deposited it In the gallery through 
Dr. Porter F* Cope. 

The Pickering Dodge Collection of seven cameos; withdrawn by 
Mrs. Charles W. Rue, 

Portrait of Chief Justice Joseph C- Hornblowor and portrait of 
Mary B. 3 his wife, artist unknown; portrait of Roderick Austin, 
attributed to Sir Godfrey Knelter; and a painting representing a 
sacrifice interrupted by soldiers, artist unknown; withdrawn by 
Mrs. Caroline B. Hombbwer. 

Klingle Ford, by Max TVeylj withdrawn by Mrs. John W, Smith, 

PUBLICATIONS 

Holme*. W. If, Report r.n the National Gallery uf Art Tor tins year endliits 
Jam* :>U, lLr^T-;. Apfieadlx Report »f Ute Secretory of the Emit Ionian 

ItiMtlintioii for Eke rear entUu§? June ;lfl r I£i23 F pp. 45-SS. 

_Ruliorl i>ti the National Gulierj of Art fur I be year coding Jane SO. 

1024 Appendix Z, Stupor t of the Secretary of tbe Stnltlmuolnn Institution 
for the j*nt ending -lUHe SO. 1B24* pj>. 4S-G& 

Catalogue of a collect lira of w&tor-eolor pniotLcj^e of the Grand Canyon of tbe 
Colorado, Yellowstone National Park, Yotkimlfe Valk-y. £Iua XulluimE Park. 
Utah National Park, and the Monterey Gout of California, Of special later- 
est to tlw Interior nud AsrleultUir ivpiirtTuenEH, Ky Mr. iJurmnr WldfarsB* 
Ou flew in ibe eefdntf c^iin of the National Gallery, Nuiurut History Hulkl- 
liyr. ijiiltcd State? National Museum. December 10 to January H>, Wn^blnc- 
ton, 1024, m W 

Catalogin' of u collodion of lm eo of pnmdiigqt tioruirmgtM In brumm and terra 
, bJ tV 3 i. hy Mrs- Nancy Cox-M^Jwmilck. on view Lit Ihe wmitli tww of the 
National Gallery. Natural History EEuJ tiling, United Staler Nnllotm] Mum-omi, 
December 10, 1021. to January 10, 1D2&. Ifi21 pp, 1-4. 

Cktikipe of a colkwMou of iJorErnlb* and Ktudlee In different technique^ by Leo 
K?iEx, of Vienna. Austria, on view In the north roinna of the National Gallery, 
Natural Hlatory DuTLdLuff, UrtlfeU St a ten Xntloiml Mti-utim. January 10 to 
February 15, UJffir. V*25> jip. 1—1 

Catal'*iUMr of rerent miniature portrait* by Alyn Williams, V R, M. S, (Praai- 
ilt'oi, Royal Minin tore Society J K nail portrait baste in brunne and jdast(&,reU&f 
portrait*, tnnlulU»ni» F cart Inga In prtdoiiH mid «mliireoioL^ strung, nnd 
pome jri iii f-i.nl-. by Cocll Thomas, It. 1L S., on view lu the NatUmal Gallery. 
Nat urn l IlbUory Flo Hill ns. CnitOtf Stairs Niiionjtt Sitneum. March A to 
VutL 22. IWi. fe2& pp- I-& 

Respectfully submitted. 

IV* T-L Holmes, 

j 9 ireHor. 

Dr. Charles W. Walocwt, 
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REPOET ON THE FREER GALLERY OF ART 


iSm: I Lave the honor to submit the fifth annual report on the 
Freer Gallery of Art for the year ending June Ehi t 1925: 

THU COLLECTION 

Work has Ijccii continued during the year in the preservation of 
the collection* and in the print collection a total of 1,056 object 
have now been put in final condition. A complete list of the Freer 
Gallery collection of paintings, pastels, drawings, prints, and copper 
plates by and attributed to American and European artiste, together 
with a list of original Whistlerhma, has been prepared and is about 
to be published in pamphlet form. This pamphlet will l»e placed 
on sale with the other publications issued by the gallery. 

Changes in exhibition during the year involved 46 oil paintings, 
2 water colors, 12 pastels, 150 etchings and dry points, 3E lithographs, 
2 Japanese screens, 3 Japanese panels, 1 Japans mctkmwna, 4 
Chinese panda, 2 Chinese scrolls* 1L Chinese bronzes, 1 Indian 
bronze, and 2 Chinese textiles. 

Additions to (he collections have been as follows: 

Bp fflft of Chart? « A. Plait? 

AU EUICAH fA-HTP, 

25.1. WblaUfer h Jauses McNeill; pitrtrait of Ml.sw KijjILj Tuvkenuaa. 

Pit pmkaaa: 

IHUtA^ HftQ d X yx 

24.10, HuiUIiIm HtatUttle: Sumvtm {Yt-dam. tutelary Ulvinltyh Nepal fif* 
tecutlk century. 

laoLttf HAianao 

24.-1 Lit\la AJajnwu Muglml* time of JaMaglr (IODiM02&). 

24,5. Ailll tthfLh, MuylmL time of IftMjiglr (1000-10281, 

2L0„ Fireworks. J Llumlimud manuscript vu Lhu revere. MaaluLl-Rajpuf, 
tlmt« of StiflU JtiSuYu (l328^1fI5S) a By MijIiq mould A f hi l. 

24,7. Mnla£rJ 11:7 u i mi musical mode), Rajimi, nhaut J000. 

2-1.8. Bhulravt |L:t lt] i]i (n musical mwluL Rajput. about n>7A 
2 4 y. A visit to n icm|i]b-. U^iipiiE Mti^Eoil, n[*ml 0175, 

« lllSPhR irfcoittzJC 

Om-ra natal vcfiflci of thu type t*vn„ Early Own dymurty (1122 to 255 
B. C. K 

25.3, Ceremonial wlur? vessel of tbo typo ckto, Chou dypaaty (1122 to 255 
B. CJ* 
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eillXCaE 1’AlKTlSfO 

2A3. Lundst-titit; Erraklna wave* ami autumn wiml*. A scroll. Bj Tal Cbln. 
tflitA middle llftceiuh eenluiy, 

SEJLtt EAimtX POTTERY 

25,4. Bow! with palatini aecoratiou, i'en-ian Bbua^- Twelftti-tiilrteesitb 

OtUiLury. 

2G.G. Bh>wi with painted iccoruLbm Persian t Khagca. Tnftdftb4blrtecn ih 
coattiry. 

2Tn.d. Bawl with decoration la x^kl Juntfr. I-urslaa. EJghtb century* 

25.7. A «uaa!i d\th with pulMcd deccratlou ander glnae. Arab, Tcuth- 
ekwestli century. 

25. B Bowl with engraved tt«.wa i Job* n inter plnae PfcrutoiL Ninth cetLttlJ?. 
25.0. Bowl with decoration engraved ansi imbued under $XnxL\ I'crulau, Mulb 

century* 

25J0. Dowl with il&eoratloa engraved and painL ehI under gtaac. Tur*iau. 
Ninth *enMir>\ 

25.11. Bowl with d^coratlou engnivini nml minted under gfcse, l\r*L&n_ 

Ninth century. 

25.12, Bowl with decoration [minted In black oyer rhw. tterniam N lulls 

century. 

Additions to the library by gift anti purchase comprise £K) Lx>oks 
ami periodicals and 127 pamphlets, A list of these accompanies this 
report ns Appendix A {not printed). Forty-six volumes have been 
rebound* 

The work of making identification photographs for into in the 
card catalogue continues, and in addition, several hundred photo¬ 
graph* and a number of lantern slides have been mrtde to order and 
delivered to pnrdmsera. Of the publications issued by the gallery, 
there have been sold during the year, 53ft topics of gallery books, 
422 copies of the Synopsis of History, and tkSS copies of the descrip¬ 
tive pamphlet. 

During the past year there has been itn increasing demand upon 
the gallery for translations of Chinese, Japanese, and Tibetan in¬ 
scriptions, and for information concerning various objects- One 
hundred and five such objects, consisting, for the most part* of 
Chinese, Tibetan, Japanese, and Korean paintings. Japanese prints., 
ami articles of pottery and jade, have been submitted for exam¬ 
ination. 

The usual work hi repairing ami making exhibition cases, picture 
frames, fetretchersp and other equipment has been done in the gallery 
shop, and the necessary minor repairs to the building, as well as 
certain improvements such an the construction of a ph olographic 
dark room in the attic, were made by the employees of the shop. 

The Freer Gallery begs to acknowledge its indebtedness to the 
Department of Agriculture for its aid in exterminating the boxwood 
pest, u the leaf miner,™ anti to thank the Fish Commission for its 
gift of goldfish for the fountain basin. 
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ATT*L\'DAXCE 

Tiic gallery bus been open every day, with tUe exception of Mon* 
tliiya, from 1) until 4.30, The total attendance for the year was i<)9,8d’2. 
Tlie aggregate Sunday attendance was 23,173, making an average 
of 54 L; the week-ilav attendance amounted to 81,C8G, with on aver* 
aire of 313, Of these visitors, 431 came to tlio study room* to see 
objects not on exhibition or to consult boolts in the library; 4 to 
make copies or photographs, 72 to examine the building and equip¬ 
ment, while 27 brought objects in Lhcir possession for examination 
and information. 

fKESOJf JTEL 

Mr, \. Kinoshita, of the Museum of Fine Arts, Boston, worked 
at the gallery during the winter months on the preservation of 
oriental paintings. 

Mr. Herbert E. Thompson worked on the preservation of oil 
paintings, 

YfKU> woe k 

A detailed account of the activities of the gallery's expedition in 
China is contained in Appendix 11 (not printed) accompanying this 
rejmrt, and will be condensed for publication in Explorations and 
Field Work of the Smithsonian Institution in 1923. 

Respectfully submitted. 

j. E. Lodge, Curator, 

Dr. Charles D. Walcott, 

Secretary, Smithsonian Institution. 


APPENDIX 4 

REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY 

Sik: I have ilic hirnot it* submit the following report on the re¬ 
search*^ oftioe work t oiul other activities of the Btimm of Ameri¬ 
can Ethnology during the fiscal year ended Juno 30, 192£5 P conducted 
in BCRtrtlanf.e with the act of Congress approved June 7, 1924. The 
act referred to contains the following item: 

AiiHTh-HN rthiHtlQzy: For eoDtlnulug ottinnlopkn] rceearettes the 

American. Indians and llio native* of HtiTvuLt, including the r:*oavjUWri, ansi 
rfeACrratljuLi nf imliiNplosIc remain*, under the direction of the Fmllharuilai] 

I o-tirotS=rm, Including the nrcessnry employ rat ami the ptardsuc of mceamry 
iHtolta and pcrlndlcnl?, IffTJfM. 

The policy of lie Bureau of American Ethnology in the past 
has been that of u pioneer, but from necessity the field work of the 
sftafT has been both intensive and extensive, mainly reconnaissance. 
As a pioneer, the bureau has opened up new lines of research in the 
study of the ethnology of the American Indians and has blazed n 
trail for others in several fit 1 ids. White contributing to science tech¬ 
nical monographs on certain Indian tribes, it has at the same 
time prepared uni] circulated, through publication, articles of a jmp- 
ular character covering the wlnde subject. The object has been to 
furnish reliable data for --Indents wishing accurate knowledge of 
the American Indians. 

The aboriginal rulture of ntjr Indians is rapidly disappearing 
and being replaced by the while man’s civilization. Certain tribes 
have already lost almost ait their native customs, and others will 
follow rapidly until lit lie of scientific value remains for ethnologi¬ 
cal field work. The older men among them, who in their prime 
knew the native cults and rituals, are passing away, and the younger 
general ion of Indians who nre taking their places are almost en¬ 
tirely ignorant of the signilicance of tho rituals or ceremonials. 
Current fables and metaphoric stories, mainly explaining the char¬ 
acteristics of animals, are now often claimed to lie mytbologic, id- 
t ho ugh many of them have value as tales, not os myths. The In¬ 
dian culture is pacing away and soon will be lost. It is the inten¬ 
tion of the Unreaii of American Ethnology to record it before its 
extinction. 

The excavation snd preservation of archeologic remains, from 
which much valuable scientilie material may be obtained, constitute 
00 
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a task which b only just begun. The bureau has for many years been 
n pioneer in this work* anti in many areas it has been the only 
investigator. The first publication of the Smithsonian Institution 
was on an archeological subject, and with the passing years the 
bureau has followed this line of work with vigor. 

It is ft traditional, sound policy of the Institution, ns a result of 
the relatively small allowance for the field study of the Indians, to 
cooperate, rather than to attempt to compete with those who have 
a much larger income. This policy hits been pursued by the bureau 
during the past year. 

The chronicles of De Soto's wonderful trip through our south¬ 
eastern States introduced to the attention of historians a remark¬ 
able aboriginal American culture, one of the most advanced in 
North America outside of Mexico* It was, as has generally been 
the ease, built on agriculture, and the dominant tribal religion of 
its civilization was n complex of Sun, Fire, h ml Great Serpent 
cults. From Tampa Rn 3 T to the Mississippi River, Be Solo en¬ 
countered numerous tribes differing in language and in minor elh- 
nologicoi features, but all belonging to the same culture with n wor¬ 
ship characteristic wherever agriculture served as a source of food* 
As time went by and renewed exploration brought Europeans into 
more intimate contact with the Indians of the Gulf States, his¬ 
torians and others published many articles on rheir ethnology, but 
as the tribe# were moved west of the Mk&I^ipld and the oppor¬ 
tunities for the field worker were diminished, the lime came for 
the etlinologist to yield to the archeologist to make his contribution 
to the subject. Here lies a great field for further studies, with 
ample work for both the historian and the archeologist. 

The two areas in aboriginal America north of Mexico in which 
agriculture reached its highest development were the Southwest, nr 
that part of our domain bordering on Old Mexico, and those States 
bordering on the Gulf of Mexico, including the mound builders 
from the Ohio River to the Gulf. The investigation of the .huilIi* 
western or pueblo region is at present attracting many archeologists 
amply furnished with funds, but the Southeastern or Gulf States 
have Ijccu more or less overlooked. Thu bureau has begun an 
archeological reconnaissance, as far as Its re-maws will allow, in 
Florida, Mississippi, Alabama, and Tenues-oe. Last year special 
attention wan given to the Indian mounds at Muscle Shoals in 
Alabama, The work in Tennearee, soul hern Florida, and Missis¬ 
sippi, so auspiciously begun hy tlie late Mr. W + 11 Myer, bus been 
continued by Mr. P. E. Cox T State archeologist of Tennessee- Mr. 
Collins, assistant curator, division of ethnology, United Slides Na¬ 
tional Museum, was allotted a small appropriation for preliminary 
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investigation* and rivonnaiasanct- along the Pearl River in Missis- 
rippi, the prehistoric home of the Choctaw Tribe, The result of 
lids work were very satisfactory. 

Work on the Muskhogean culture, or the antiquities of the Gulf 
States, promises important results in comparative ways, and will, it 
is hoped, shed Sight on the religion of aboriginal tribes of North 
America* Wo are able to reconstruct, in a way, from historical 
sources, the main outlines of the Gulf culture, but the documentary 
references to the material culture of the Muskhogvan tribe* are 
incomplete. More information is needed regarding the ritualistic 
sacra, idols, ceremonial object#, and symbolism on pottery, before 
we cun reconstruct the culLna* The material for this study is now 
buried in the soil, but intensive archeological work will bring it to 
light. In essentials, the culture of the prehistoric people of the 
Gulf States is such us wc find universal among agricultural people 
in America emerging from Savagery into barbarism, and the religion 
has much in common with that of the pueblos. 

SYSTEMATIC RESEARCHES 

The chief spent several weeks in reconnaissance near Florence, 
Ala,, making excursions to several mounds in that vicinity, espe¬ 
cially those that will be submerged when the Wilson Dam at Muscle 
Shoal* is Hooded. Mr* Gerard Fowke, who had immediate charge 
uf the excavations in two of these mounds, obtained 4 considerable 
collection containing unique objects, among which are three rare 
copper ornaments, the largest ever found in the valley of the Ten¬ 
nessee. Ills report will be published later* 

The chief at that time visited Montgomery, Ala*, where he whs 
most hospitably received. While there lie made an examination of 
the Graves collection, one of the most remarkable in the Slate. 

The chief has given advice to the National Park Service of the 
Interior Department on the new National Monument near Flagstaff, 
ArfBn which is now called by the Hopi name Wupatki. This monu¬ 
ment includes the well-preserved buildings near Black Falls on the 
Little Colorado, first described and figured by the writer a quarter 
of a eeatttry ago, at which time he recommended that they be nude 
rt National Monument, and this has now been done by proclamation 
of the President, 

The most important collection of urcheolgieal objects received dur¬ 
ing the putt year was cofctributed by Mr. J. C, Clarke, of Flagstaff, 
Aria., custodian of the Wupatki ruin. It consist* of about a hun¬ 
dred specimen* of poll cry, shell mid bone implements, and other arti¬ 
fact* frurn a burial mound at Youngs Canyon excavated by work¬ 
men in the course of construction of a road near the city* These 
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objects were revived at si time when material from that region of 
the Southwest was particularly desirable. The chief has prepared 
an illuafrated report on this collection in which he calk attention 
to its importance. The collcctiort contains unique specimens and 
is accompanied by a good ctilulojfiie by r Mr. Clsuke* One of the most 
interesting of thes* is a black and white lottery ladle, the bundle 
of which is molded into a cradle containing a clay figure. There is 
also a finely incised head-ornarnent of bone, recalling those worn 
by the Bow priesthood at Zufil, and suggesting similar ornaments of 
the Hop! idol of the war god. The collection shows evidence of 
cremation and um burial. 

The pottery objects lire archaic, and the interiors of certain black- 
imd-whito fond bowls are decorated with artistic figures similar to 
those on polychrome ware from Tokouabi. near March Pass, in 
northern Arizona, It is probable from the pottery that the people 
who buried their dead at Youngs Canyon were related to a population 
antedating pueblos, which was scattered over u great area m Arizona 
from the Little Colorado north to the San Juan, and from the west¬ 
ern boundary of the state into New Mexico. This people had no 
circular kivas or ceremonial rooms like those at the Mesa Verde, or 
the San Juan area, but they were fine potters who decorated their 
ware with artistic geometrical designs* 

The number of written requests for information on ethnological 
subjects the lust few years lias more than doubled, and the time of 
the chief, us well as of the members of the stall, is corresponding1_y 
absorbed. 

During the past year Hr* Earl H. Morris, under the direction of 
lhe chief of the bureau, did necessary repair work on the famous 
tower of the Mummy Cave House in the Canyon dol Muerto, Ari¬ 
zona, which once contained three rooms, AH woodwork on the 
first ceiling has been torn out; only the haggled ends of a few sup¬ 
ports remain embedded in the walls. The cleanly peeled poles which 
supported the second ceiling are in place, und the third ceiling, or 
original roof, k still intact. It is probably the most beautiful ceiling 
remaining in any ruin in the Southwest, its only rivals being the 
coverings of o m or two rooms in the north side of Pueblo Bonito, 
and in Spruce Tree House, Mesa Verde. 

Um tower has l>een in a dangerous condition for a long time. 
There was originally a retaining wall below it, rising from the very 
brink of the ledge, which held in place the fill of loose rock and 
refuse upon, which tho House of the Tower stands* Eventually, 
through erosion, all but the eastern end of tins wall collapsed, prob¬ 
ably because of the insecure foundation afforded by the abruptly 
sloping rock, and much of the mate rial be him] it washed over the 
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clifT. Eater, the not infrequent winds which sweep over the cave 
with unbelievable force, blew out the dust and rock pebbles until the 
southwest corner of the tower was undermined more than 3 feet, and 
the wall eastward weakened almost to ibo opposite corner. 

The cracks in the west wall were wider in November* HKW y than 
they were a year previous, A removal of half a dozen shovel Fills 
from the unconsolidated mass of earth beneath the front would have 
loosened the large block just beyond its western end* which pre¬ 
vented the entire collapse of the masonry. In addition to the periodic 
action of the wind, each visitor who passed from the eastern to the 
western part of the cave trod his portion of the loose mass below 
the wall farther down the slope, arid sent clods and pebbles rattling 
over the tilUL Before many years this block would have been 
loosened and the tower would have fallen. 

During the repair work, buttresses were built beneath and in¬ 
closing the large blocks under the west end of the tower and under 
the undermined portion of the tower, continuing back to the limit 
of undermining* and extending well forward of the masonry. At 
the junction of the two, wedges were driven to knit the new work 
firmly to the old. From the east end of the buttress a retaining wall 
was built to connect with the remnant of the old one on the brink 
of the ledge, and the space behind it was tilled, thus providing a 
platform instead of the former steep nlope at the southeast corner 
of the tower. Thi.s repair work will temporarily preserve one of the 
finest gems of aboriginal architecture in the entire Southwest,, but 
it should ta« supplemented by the addition of u tumhurklcjg” an¬ 
chored to the cliff and by the rebuilding of the southeast corner, 
which should be bonded to the east and front wall to preserve it for 
centuries to come. 

During the fiscal year Dr. John E, Swnn&on, ethnologist, dis¬ 
covered further material bearing on the social and religious life 
of the Creek Indians, and this was extracted and incorporated into 
his papers on those subjects width arc now being prepared for pub- 
liration by the editor. A study also was made of the various smaller 
culture centers within the region covered by our present Gulf 
Stales, and a paper on the ^Culture of the Southeast” wos pre¬ 
pared an a result of this work. A short paper on the t4 Ethnology 
of the Chickasaw * wost begun anil carried nearly to completion, 
end the work of carding references to all word* from the publica¬ 
tion af early Florida missionaries in the now extinct Timiicim 
language ha* been continued, and all of the words from three of 
the live texts and from more than half of the fourth had been ex¬ 
tracted by the end of the year. An abbreviated handbook of the 
Indian tribes in the United States and Alaska was prepared to ac¬ 
company a map of the same section. 


BEFOBT OF THE &ECAETAE? 


65 


Dr. Truman Midielscm, ethnologist* prepared for publication a 
manuscript entitled 4 A Sauk and Fox Sacred Pack," Ho also wrote 
the Indian text of one of the great sacred parks of the Thunder gens 
of the Fox Indians and worked out the English version thereof. 
Due tor Mi didson also prepared an Indian text, with English ver¬ 
sion* of the Owl dance which belongs to the Bear gens. He begun 
translating a Fox text on the sacred pads named u Sakiniage !1 whidi 
belongs to the Bear gens of the Fox Indiana and which was taken 
care of Ity Pushetonequ* f the last chief recognised by the Govern¬ 
ment, He corrected the galley proofs and the first page proofs of 
the fortieth annual report of the bureau, which made it possible to 
incorporate some additional material appurtenant to the White 
Buffalo Dunce and Fox mortuary customs and beliefs. Doctor 
Michel sun employed Hu race Powesheik to translate 1,CK50 pages of 
Fox text which contains additional information on the Fox society 
known os ^Those Who Worship the Little Spotted Buffalo/* In 
June Doctor Michelson went to Tama, Iowa, to renew his researches 
among the Algonquian Tribe of that State. He verified the new 
data on the Fox society named above, and some Fox texts on the 
Buffalo Head Dance of the Thunder gens, obtaining much additional 
information of this dance and other information on the Thunder 
gens. A translation of the Fox test im the Sturgeon was obtained 
n~s well as certain information on the Wolf gens. 

During the fiscal year Mr. John I\ Harrington, ethnologist, was 
engaged in the preparation for publication of his material on the 
excavation and early history of the Burton Mound Indian village 
situated at Santa Barbara, Calif., the principal roncheriu of the 
Santa Barbara Indiana, The Ambassador Hotel, which had stood 
cm the moaud for many years* and had completely barred it to scien¬ 
tific investigation, was destroyed by tire in the spring of 193L By 
joint arrangement with die Museum of the American Indian, a 
thorough excavation of this mound was made, and a large and attrac¬ 
tive collection of artifacts was obtained, as well as a mass of archeo¬ 
logical and historical material. Mr. Harrington completed the elab¬ 
oration of this urn tori eiI and it was submitted for publication* includ¬ 
ing maps and numerous photographs. 

The old Indian name for the Burton Mound village was Syujtun. 
Mr* Harrington’s work revealed the interesting fact, not previously 
pointed out, that this ranched* is men tinned four times in the 
tL Relation tf of Juan Rodriguez Csbrillo, who discovered Alta Cali¬ 
fornia in 1542* Father Cnsspi, who kept the diary of (bo Porto I a 
expedition, writing in 1T60, describes this village m some detail. 
Other early accounts tell that Yunonolit, its chief, had under him 
other villages besides the Burton Mound. After the Indian popu- 
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latino wilt rtaiuved to the near-by Santa Barbara Mission, which 
was accomplished gradually after the establishment- of the mission 
in lT8ii, the Franciscans greeted a massive adobe warehouse cm tins 
mornidn, the old Indian canoe landing place in front of the mound 
having become u el puertq tie Santa Barbara,” the port of Santa 
Barbara. Ships visiting Santa Barbara used to get water from the 
large spring on the southern slope of the income!. Joseph Chapman* 
a young Englishman who had been captured when pirates made a 
raid on the California coast, purchased the mound from the Fran¬ 
ciscans in the early twenties and started a flour mill there* In the 
forties the mound became the property of George Nidiver, famous 
otter hunter and friend of Genera! Fremont* In the sixties the 
mound property was owned by Lewis T. Burton* whose name it still 
bears. The hotel was erected on the site in 1001. The shape and 
extent of the Indian village and graveyards was laboriously worked 
out by excavation and successive cultures traced, for the site pro vet] 
to be very ancient. 

In the etruetery plots, most of the bodies were buried in hunched- 
up positions with the head to the north, that is, in the direction of the 
mountain range. Many of the graves had been lined with whale¬ 
bone slabs, some fine specimens of which were obtained, A great 
variety of belongings, large and small, had been stowed away with 
the bodies* and traces of matting basketry* and wooden utensils in¬ 
dicated that the archeologist bad been deprived of the richest treas¬ 
ures through decomposition in the ground* One complete wooden 
awl for basketry, such as is described by the early fathers, was re¬ 
covered. Several of the graves contained cache# of large and beau¬ 
tifully finished steatite howls* these were manufactured at the stea¬ 
tite quarries on Santa Catalina Island and were brought up the 
channel for barter in Indian canoes. Screening the earth brought a 
surprising variety nf shell and glass beads. The shell l^ads have 
been sorted and classified, and the kind of native shell used for each 
variety has been determined. 

In 1024 the Burton Mound property wa# sold and subdivided. 
Extensive grading of the property for new streets and trenching for 
pi|MJ hues of various kinds was carefully watched and reported on by 
Prof. IX B, Sogers, who has cooperated with Mr. Harrington in this 
work, and yielded new information about the stratification of the 
mound and a good rized addition*] collection of artifacts, A new' 
hotel with large cellar excavations is abn,ut to he built qn the crest of 
the mound and observation of these operations will doubtless add 
still further data to that already presented in the report. 

On completing the Burton Mound paper, Mr* Harrington prepared 
a report on the archeology of the Santa Barbara region, dealing with 
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Hi* siIts adjacent to the Burton Mound along both historical and 
archeological lines. This is ii virgin field of research and has al¬ 
ready yielded important contributions to our knowledge of the cul¬ 
ture sentiences of the ancient California Indians of this region, which 
had the most specialized mid highly developed culture of the State. 

This work illumines the feet that the early population of the chan¬ 
nel was dense and that there were numerous wars and tribal sliift- 
ings, 'ihe section of the coast from which the islands were popu¬ 
lated and the comparative ages of ranthorm sites are also apparent 
from this work. 

In October. Jt>at4, Mr, It. O. Marsh brought to Washington a 
party of eight Tule Indians from Panama, who remained in the 
city until January, 11*23. This afforded opportunity for studying 
the language, which is a peculiarly interesting one. Possessing only 
IS letters and employing them both short and long, it sounds to 
the ear more like Finnish than like the average American Indian 
language. The language may be described as melodious, simple 
*in>] flexible in structure, yet very rich and extensive in vocabulary. 
It is spoken, with slight dialectic differences only, by a very large 
body of Indians, who formerly held a strip of Caribbean coast more 
than 2¥) miles long between the Canal Zone and the south of the 
Rio Atrato, together witb the numerous fertile keys off the coast. 
Lists were obtained of sociological terms, nunics of places, plants and 
animals, and designation* of material culture objects. Songs and 
speech were recorded on the dict&phune, 

Ihe Indians have been called Titles, Cunts, Coin ogres, and San 
Blnsenos, Of these names the first is preferable because it is the 
native name of the tribe. The word Told means merely “ Indian, 4 ’ 
it being understood that it refers to Indians of that peculiar kind 
and language, it is related to the word tula, meaning 20, that js. all 
fingers and toes, an entire Indian. 

The collection of Tule ethnological objects donated by Mr, Marsh 
to the National Museum was examined with the Indian informants 
and the native names of the objects were recorded, together with 
information about their use. 

The best informant in the party was Chief Igwn, who is u captain n 
over some It) keys, and is one of the leading men in the councils of 
the tribe. He has traveled much about the Tule country and knows 
hundreds of places by name, being & good cthnogeographiral in¬ 
formant. The chief prepared a large map dm wing these places. 

Mr. J. X. B. Hewitt, ethnologist, left Washington in May, 1023, 
fur Brentford, Canada, to resume his researches among the Six 
1 originally Five) Nations, or Tribes, of the Iroquois, the Mohawk, 
the Seneca, the Onondaga, the Oneida, the Cayuga, and the Tus- 
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carora, and also among the Mu n.see nf the Delaware Algonquian 
group of languages who dwell on the Ilaldimand grant on the Grand 
River in Ontario, Canada. 

Here Mi% Hewitt took up the literary interpretation, revision, nnd 
textual criticism of previously recorded voluminous Iroqttoian texts 
relating to the Constitution of the League or Confederation of the 
Iroquois tribes, embodying its laws and ordinances and I ho rituals 
of the council of condolence for the deceased, and the installation of 
new members of the Federal and the tribal councils. 

With the aid of the two Irasl Mohawk in formants available who still 
retain sonic definite knowledge of portions of tire ancient institutions 
of the league of the Iroquois? Mr, Hewitt made a free English trans¬ 
lation of an important ope of Lhe.se rituals? in addition to the free 
rendering of the chant of ** The seven songs of farewell,' 3 and thereby 
recovered the symbolic reason for the very peculiar name of the 
former., This ritual is called Ki i rhawe w4 hra^to ql t in Mohawk, and 
Ga'haw^ha'di 1 , in Onondaga, meaning, " Cast or thrown over the 
grand forest, 31 When used ceremonially both these chant* arc sep- 
orated into t wo portions, and the four portions alternate in their 
rendition in such manner that part one of the one chant i* followed 
by part one of the other: and part two of the first b followed by 
pan two of the second chant. But when chanted AL a veil of skins” 
(shawls or blanket* servo in modern times) must be hung across the 
plate of assembly in snob wise us to diride the mourning from the 
other rid* of l he league, 

Ceremonial ur legislative action by the tribe ur by the league is 
taken only through the orderly cooperation of two sisterhoods of 
clans for the former, or of two .sisterhoods of lislhes for the latter. 
This dijati -Tii in the highest organic units of organization was origi- 
nally based on definite mythic concepts. In either organization title 
sisterhood represented the female principle or the motherhood in 
nature, mid the other sisterhood the male principle, or the father - 
hood in nature. This dualism Is thought to be so important that the 
language of tliu rituals and of official courtesy employ terms embody¬ 
ing the ethnic and mythic significance of it 

By a searching study of all symbolic terms and phrases occur ring 
in the chants of these rituals, which impliedly might refer to the 
highest dramatized situation revealed by these two divided chants, 
the parts of which are recombined as described above, Mr. Hewitt 
was able to identify beyond ah reasonable question the phrase "the 
veil of skins” with the other phrase "the grand forest” The 
grand forest n represents rituolhiticaLIj the totality of the forests 
which intervene between the lands of the mourning ride of the league 
and those of the other side, represented as symbolically intact in 
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mind. It muet not be overlooked that either the mother mdt or the 
father side may be the u mourning side Jt * the designslion T of course, 
alternates between the two sides, depending un the feet of the loss of 
one or mom of the members of the Federal council belonging to it at 
any given time. 

The sisterhood of tribes functioned by the independent action of 
its constltilent institutional units—every several tribe. In turn 
every tiibo functioned through the organic units of its own internal 
organisation—each several ckn, to execute its prescribed port in the 
larger Federal action, which otherwise would not bo authentic or 
authoritative; so that a dan or an individual in a clan, in special 
cases involving personal rights, might prevent vital Federal action. 
So personal right* wore abundantly safeguarded. 

Mr. Hewitt purchased a very line specimen husk mask of the Corn 
Mother, with a short explanatory text. 

Mr. Hewitt also made a fec'ommlasanco trip to the Chippewa of 
Garden River, Canada, for the purpose of expanding and deepening 
his knowledge of certain Chippewa texte, recorded in 1921 by him 
from the dictation of Mr. George Gabaooea, of Garden River, ant! 
also to obtain data in regard to the derivation of iwo very important 
proper names. Chippewa and Nnnnl'tfiafho (appearing m literature 
also ns Nettabojo, Mena bo ju, and Wenaboju). and also to inform 
himself as to the ethnologic value to be placed on the fu^L-f tiding 
remains of the ethnic culture of this and cognate tribes in like situa¬ 
tions and antecedents. The myth of Mudjikcwis, 64 The First-Born 
(on Earth) f n commonly called the story of XaimhorJio (i* e., 
/fidAto/iV), remarkable for beauty and isompreliemiveuG^, del nils 
the ri rcumfitances which gave rise to the name ,4 Nanabozlio, 7 ’ In 
that recital the name appeared a^ Irulbroj^^) and means “Created, 
or formed, by the look (uf the Great Father spirit). st 

The name Chippewa appears in literature in no 1 eas than DT 
variant spellings, with a half damn or more unsatisfactory defini¬ 
tion^ Hut to those who liral gave the name Chippewa (in its native, 
not Europeanised, form) to these people, picture-writing was eMmi- 
eally distinctive and characteristic of them as the well-known birch* 
bark records of these people amply testify. So the name Chippewa 
signifies literally., w Those who make pictographfl/* and thus empha¬ 
sizes one of the distinctive arts of these peoples. 

The Seneca in Missouri and Oklahoma were vLotted for the axprea 
purpose of identifying them tribally, if the available information 
made this possible. Since the middle of the eighteenth rentury 
Ihesa Seneca have not hem doeely affiliated with the Seneca Tribe 
of New Y ork State and Canada* There has lieen expressed doubt 
that these Western Seneca had Ike right to this name* But after 
7G041—^—o 
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visiting and interviewing many families of these western Seneca 
dwelling about Seneca, Mo v uni I Miami and Pleher, Okln.. Mr, 
Hewitt vfli convinced that they arc mainly emigrants from fclic 
]parent Seneca Tribe of New York and Canada and from the Cayuga 
of these last-named places; nat n rally, there we abo some families of 
other Iraqi Kuan Tribes, such an the Wyandot and possibly the 
Conestoga. A porcupine clan and a fox dan were reported. The 
last was a Conestoga dan. 

Mr. Francis La Flescho, ethnologist, completed his paper on two 
versions of the child-naming rite of the Osage Tribe. The first ver¬ 
sion belongs to the In-gtbon-ga or Foma gens, and the second to the 
Tsi-z.hu Wa-shto-ge or Tsi-zhti Peacemaker gens. Each gens has its 
own version of this rite and no other gens can use it without per¬ 
mission. This paper contains 201 typewritten pages imd 20 illus¬ 
trations. Mr. La Flesdie spent a part of the month uf May and oil 
of June, 1025* among the OssgesL In the early part of this visit he 
and his assistant, Ku-xhi-ri-e, a fulLbloud Osage, Undertook the la¬ 
borious task of properly recording the gentile personal names used 
by the fuli-hlnml members of the tribe and by some of the mixed 
bipods. Superintendent J. fieorge Wright, of the Osage Agency, 
kindly permitted them to use as a guide in doing this work an annu¬ 
ity pay roll of the third and fourth quarters of the year 1877, which 
was found in the files of his office. This roll contain* about 1,900 
Indian names, most of them misspelled. Besides correcting the 
spelling of the names. Mr. La FJesdie and his assistant added to the 
name of each annuitant the name of his or her gens. Ku-sshLaLe 
was much amused to learn that his 1 my name, " I-tse-tha-gtliin-Khi/ 1 
wps carried on the pay roll as u E stah-o-gra-she,"' and that the 
boy name of his friend 44 Wa-tum-sho-zhin-ga H was pin on the rolls 
ns 44 We-pah-scall* 1 * instead of u Indrac^cn,"- the correct name. 

Whm the work of revising the names on the annuity roll was 
concluded, Ivii-zhi-si-e drove over the hills on his farm with Mr, 
La Flesdie and showed him many wild plants which were useful 
to the I ml inns us medicine or food- Sonic of these plants were 
woven into large mats for house covering* and into nigs to spread 
on the floor of Lhe house to sit upon. 

Wo-non-she-Mhin-ga (the chief of the tril>e) also took trumps 
among the trees on hL farm with Mr. La Flcsche, and showed him 
a number of trees tiutl explained to him their uses* and gave to 
hitu their native name-, which he recorded. Tins man pointed out 
n tree which he called 44 Zbou-sa-gi,” hard wood. The saplings 
of this tree he said were used for the frames of the hoases. When 
gretm the wood was easily cut with a knife or ax, but when sea- 
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sonunl it was very hard to cut* The chief cut a branch from a 
Final I tree and carried it with him when he anti Mr* La Flescbe 
returned to Lhc house. The chief whittled off some of the hark 
from the branch and dipped the shavings in a glass of water and 
the water quickly became blue like indigo, Mr, Paul C* Stnndley 
identified tills tree us the bine ush t or Frannu^ quatlranfjulnta. 

STKCTAIf KESKAUCttBS 

The following manuscripts of Indian music have been purchased 
during the fiscal year from Miss Frances Densmoro: w War, wel¬ 
ding, ami sneial songs of the Makati Indiana,** fci Songs connected 
with Mjiknh feasts and dances,** u Music and customs of the Tula 
Indians of Panama/* w Songs and instrumental music of the Tula 
Indians of Panama-,** "Songs for children and material culture 
of the Mukuli Indians/* and IT mathematical groups analyses of 
IfiT Fapago songs T according to the method of such analyses in 
previous work. "This material (apart from the group analyses) 
comprises 150 pages of text, numerous photographic illustrations, 
and the transcriptions of €0 songs* together with the original phono¬ 
graph records and descriptive and tabulated analyses of individual 
songs* The last named are the analyses from which the mathe¬ 
matical analysts are made, these showing the peculiarities of the 
songs of an entire tribe with results expressed in percentages. 
These in turn form the basis for comparative tables, which show 
the cJmracterietics of the music of different tribes. Such tables 
of comparison in Mandan and Hidataa Music " comprise 820 songs 
cnJIccLeil among six tribes, and material awaiting publication will 
udd more than 500 songs to this number, including songs of widely 
separated tribes* ft si^ms possible that these tables may show 
a connection between the physical environment of the Indians and 
the form assumed by their songs, as interesting controls appear 
in the songs of different tril>e?* 

The final paper on the Makah Indians included a description of the 
uses of 20 plants in food, medicine, and dye. Specimens of the 
plants had been obtained on the reservation, and their botanical 
identification was made by Mr. Paul C. Standby, of the United 
States National Museum* The Mukah were head hunters and a 
detailed account of their war customs was presented* The enste 
system prevailed in former days and families of the upper class had 
wealth ami leisure* The wedding customs wort? marked by festivity 
and by physical contests, the songs of which were submitted. 

The presence in Washington of a group of Tulfi Indians from the 
Province of Colon. Panama, made possible n study of forms of prion- 
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live music which, it is beliera^ have doL hitherto been described. 
The Tnle Indians are unique In that they do not pound on a drum, 
n pole, or any other object. Their favorite musical instrument is 
the u pun pipe ” of reeds. Two men usually play these pipes* sound¬ 
ing alternate tones- The music of these pun pipes was phonograph- 
ically recorded and transcribed as nearly as is possible in musical 
notation^ An instrument which, ns far as known* hits not been pre¬ 
viously observed, is m reed flute having two finger holes but no 
“whistle opening,'* The upper end of the reed ie hdd inside the 
mouth, poshly touching the roof of the mouth* uud for this reason 
the instrument is designated ivs a “ mouth flute,” A gourd rattle, 
conch shell horn, and hone whistle complete the musical instruments 
of these Indiana. 

The words of the songs narrate u series of events, each as the 
preparation for a wedding and a description of the festivity, or the 
iJloess and [tenth of a man, followed by “talking to his spirit.” 
Chief Igwu Nigidibippi, who recorded the songs* was a trained 
singer. 

KDironiAL work and rrnucATEONS 

The editing of the publications of the bureau was continued 
through the year by Mr. Stanley Seurks* editor, assisted by Mrs, 
Frances Nichols* editorial assistant. The st bins of the publications 
is presented in the following summary. 

PCHUCA’ftOWS temJED 

TUlrty eighth AtmunL Itoftfirt AcvomtHiiirlcui paper: An Intmluetory Studj 
of the Aria, Crnfta, ami <Nu*4qdu 9 of the Guiana IndiaoA, by Walter E. Roth. 
74"i [jjk. IBS pb., Ml fijTJ=- 

TMrty-nfnib Annual Rofwrt. Amunf'flnyLhr paper: The Osago Tribe: The 
Rite of Vigil t hy I-rands I*u FLmIml tVMJ |>p. T II piR„ I Akw, f Revived July 
13, Itf&U 

Rrtlli-tin P-. llaudtMiok of Lhu Imlhituf of CaLLfomb. by A- L. Kracbvr. aps 
pp. h 53 pt^ i-s (emwhi Jniy n. im) 

rmauCAtlows m Fuse ue tn p&epaiatiu* 

Fori If [h Aisimul Rfamrt. Acrampanxlug jatperH: Tlte Alythlejil Origin of ihd 
WliJte BnfTnlo Pnucu of the Fox Indiana; The AuloM'^riiiihy of a Foe 
I ndian Woman; Nolv* ntt Foe Mortanrj Curtoui* nail BcHofo: Nnlca on tho 
Pol £ncMy Known im “ Tln^e Who Worship the Little Squint Buffalo"; 
Tlie Truiltllnnnl Origin of | tie Foi Soddy Known ilh 11 The Sinpinp Amimd 
Rite" iMidieltKiuj, 

Fortr-ftrst Annan! Rejwrt. Acvriraimaylng jrijuth - Coiled ttiuikvffj" 3u Uitt- 
L*h 0!ntnl>!n and Nurronncliug tiegion (Sons, assisted by Haeberlin, Roberta, 
ami Tell) iTtto Prehistoric Villa in Middle Tennessee |Myer). 
Forty-second Annual Jlcjion, Aecoaiponylug paper*: Social Orp^lsatlan nmi 
fecial Usage* of the Indiaim uf (Liu Creek Conludejmcy; RnUgiutta Briefs 
and Medico! l'mctlcra of Oat- Creek Indiana; The Culture at Ule Southeast 
(SwilMOUL 
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DTHTRlIUlTlQN OF TOIl IJ CATIONS 

The distribution of the publications of the bureau has l>ccn con- 
lining] under the immediate charge of Miss Helen Monroe, assisted 
by Miss Emma Powers. Publications writ distributed »s follows: 


Rupert itoIujiws hem! _ __ ____ __„ __ ^4^ 

FlnKBi^riiirf niir] Ei'jinrat&d__ M _ _ _____ _ 3 h 

Oontrllmtioms to Xortb Amcrimu *Um---_ _ _ _ __ ag 

I EltlYKltlctjgttf . _„ _„_ __ _ ___„ 5 

piibHcnLEmiit__ __ _. _ _ . _ _ 4 gf 


T,S 54 

As compared with the fiscal year ended June 30, 1SUM, there was u 
decrease of publications distributed, litis was undoubtedly 

due not to a decrease in applications, but to the fort that only one 
publication was distributed (luring the year just ended, whereas four 
publications were issued in the preceding fiscal year and distributed 
to the mailing list. 

rr.LFsm.iTioN's 

Mr. DcLahcey Ciill, iliiistratnr, with the assistance of Mr. Albert 
Sweeney, continued the preparation of the i I lustrattens of the bureau. 
A nummary of the work follows: 


IJiUHiratiniw Eritrti n e L'tfc, ivto&cbed* arid nmile ready fcir ^h^feivSiik._ 

i:iruwI»K nf nlijKitfl, m npa, etc,, pjg^HKt- - - ’ ___ _ 3 $ 

Port m its of xisJtEng InpJjEnej^ (2 Ktosm, £ Tul£}_ ___ _ __ ^7 

Ne^ttlTe flJniH from Hid# #ipo^nmr __ _ _ _ _ 

i'bolo5tut jirlflts from iKifuks and ^"ga^ipt* _ _ ITS 

Jfofftttriw of utfifirtfogl? noil jutrhralcfflc _j _ _ _ _ ^73 

Photflpi|dile jirtnlfi for dlstff bating and nflkv use___ _ L __ \ 


On account of the large amount of illustrative work, redamifica- 
lion of the largo collection of negatives has not progressed as rapidly 
as last year. About 7,000 negatives have as) far lx*en catalogued. 

LtttEA&T 

The reference library has continued under the immediate care of 
Miss Elk Leary, librarian, assisted by .Mr. Thomas Blackwell. 
During the year 480 books were accessioned. Of these 100 were 
acquired by purchase, 280 by gift and exchange, and 100 by landing 
of periodicals. The periodicals currently received number about 
l*”f>, of which 40 arc by subscription, the remainder through ex¬ 
change. The library has also received 187 pamphlets. The aggre¬ 
gate number of volumes in the library at the dose of Urn vea^was 
20,101; of pamphlets, 15,51*2; also several thousand unbound peri¬ 
odicals. The Library of Congress, officers of the executive depart¬ 
ments-, and out-of-town students have made use of the Library through 
frequent loans during the year. 
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COLLtCnONB 

The following collections purchased or acquired by members of 
the bureau or by tho^e detailed In i'onnortioii with ite researches, 
have been transferred to the United States National Mitseiim: 

83522. Small colteetloEi of i>thuolo£ia purvliuianl by the huroAU from MIku 
E mily S. Cook. 

S42<;0. CoUiMjtion iif ardu^lostkal mnEerlnl secured by Mr. D. L* Heb-burd fur 
Urn bureau, frum Berryvllie, Va, 

S4-H4. Small stoae celt, and a lot of pottery bowl ornaments from Porto Uteo f 
presented to tho bureau by Mr;*, Alice ilo Santiago, miwlotystu, P. It. 
£ 001 $, Colleetlon of Rrebowlo^Ical material collectisj for the bureau by Ciunird 
Fowke from raouikiln near Town Creek. Ain. 

Sjoiy. ArthuoloKicftl materia] crtLerted for the bureau by Ur, J. Walter 
iX-wkts, from muuuds near St. i^iersburg. Fin. 

853 itl. Arebeoloeical cmterlaL collided fur tbe bureau by Gerard Fowke, from 
mound* pear Town Creek. Alu. r cm the alto of the wilifcou Dam, ilusele 
ShoniN. 

Stone bird pipe found ue** Hyde* Fi'rry, no the Cuntlwrlund River, 
about 7 miles below Kradi villa, Tenn. 

$5344. Five compete skulls and frftgtLieULary remaInst of about twelve eriiula eol- 
Iect£d by fiornnl Fowku fram Hog Island Mourn) r near Town Crwk p Ala. 

Fire skulls collected by Kuril* It, KuLerts, llnrrflli. Wu^h. 
fcSiba. Collection iif skidelul mnEerlul secured by G^nml Fowku al the Ales- 
ander Mound nenr Courilumi* Ain. 

857bl. Collection of bikdeiuE miileriul which wus unearthed 1 Vi tolles north 
of lloyuton, Fin., umi stem to the bureau by Mr. K. 6- Jntkiwn P of 
Palm Beatii, Fla. 

£5$24- Collection of ureh«o]epical objects secured by Mr. J. Q. S&nilorEien. of 
Courtland. ilL» nod purchased by tin* bureau. 

8asb& Two pijK 1 ^ one of Mcutlt* sad the other ot marble, collected fur the 
bureau by Gerard Ftswke from the Aleman dor Mcmud In Lawrence 
County* Ain. 

87297. Collection of arebeolu^ail matorlnl secured for the bureau at Yiiunga 
Cunyuo, about 18% tulles ea*t of Fluj^fr- ArbL, by Mr. J. C. Clarke, 
of FUtStttoJL 

S31HEI. Human remalna ftoxu Wccden Itdtmd, Sh merafeuff, Flu., necured by 
the chief of the bureau during the winter of 11+23 24. 

MiSCKJXANKOUS 

Clerical ! The comspotlde&ce and other clerical work of the office 
has been conducted by Misst May S. Clark* clerk to the chief, Sir. 
Anthony W. Wilding, typist, has lx*>n engaged in copying mftftlt- 
scripti and in various duties connected with the office of the chief. 
Miss Julia Atkins, stenographer and typist, resigned October 15, 
1924. Mrs. A. H. Kitchen was up [minted temporarily Dewndier 13, 
11121, for the three* months, the appointment terminating March 13, 
11)25. Miss Mac W. Tucker was appointed temporarily May 1, 1925, 
as stenographer and typist. 

Kcspectfidly submitted. J. Walter Feivkes, Chief. 

Dr. Charles D, WALOtnr, 

Secretary Smithsonian Institution. 


APPENDIX 5 

EE PORT ON THE INTERNATIONAL EXCHANGES 


Sir; 1 have the honor to submit the following report cm the 
operations of the International Exchange Service during the fiacnl 
year on ding June 30, 1025: 

The congressional appropriation a Hatred for the support of the 
exchange service during the year tvas $40,350, $Gj5:>U more than 
the amount granted for the fiscal year 1904. Of this increase about 
half was to cover the extra amount necessary fur reclassification of 
salaries. The usual appropriation of $20G for printing and binding 
was granted by Congress, There was collected by the Institution 
on account of repayment ficun departmental and other establish¬ 
ments making the total resources available for carrying 

on the Smithsonian system of exchanges for the fiscal year 1025 

$54 jm±*. 

During the year the total number of packages handled was 468,731, 
an increase over the number for the preceding year of These 

packages weighed a total of SOGJLVi pounds, a loss of 00,04;l pounds. 
This decrease in weight is duo to die smaller si/e uf packages of 
publications received for transmission through the service. 

The number and weight of the packages of different desses are 
indicated in the following table; 


Fatr«S SMin tKLrtlnf»F3lJirF ilfxmmciiti Bnal abroad ..... . . . 

CuhUcttUoup rowi ^tui la rrlitru Mr parI LiEQiMalv y doctuur dU._ . 

Ualtcd Sima dapartmaitil documents Mint hbfo*t]__ T . 

PuhUailkttU rtntVt-3 in tstUHl ta liT.^nld JeL-iimeUU_ 

MbrtllBiiijOlU MlentlDe ami \itaOy pottlMitlW fc|il mlnn»d,- 
HarHxnjj AclvnllPa an4 lllfrarr t*tt>!3auinju t et-ttifM from 
*Ih™I for dlmlbcitiaa fin tiw UnH^t Slilp 


tlrdtml t-aL^l, 




Esttt 




111 Dll 


U2.37D 


1,703 


*!» 


3£, Irkl 




Wnk(b| 

S#nt Hiwlrwl 


■VV ut 
I^KB 


JW&iff 

u&h 

3U77 


1 


u,m 


m,2M 


V7j7W 


m.m 


The value of the materia! passing through the International Ex¬ 
change Service can not lie estimated by tbo mere number of packages 
handled, Many of the packages each contain a number of valuable 
scientific jiubUoitiiins, It may be climated that annually there pass 
through the Service lwr>tli to and from foreign countries, considerably 
more than a million publications. 

Although the United States Government sends abroad more publi¬ 
cations than tt receives in exchange, the disparity is not so great 
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ns appears in the above tabic, for in;Any foreign publications are 
received direct by mail by coirefipondente in this country. 

T^tvin^ which Joined Lhi( h cod vent ions in 1024- has established a 
service of international exchanges under the sluta library at Riga. 

The loin] number of boxes tiiicd in despatching consignments was 
Sf t 325 s Tills was a decrease of 130 from the preceding year and is 
accounted for by Elie smaller si/e of the packages received for trans¬ 
mission abroad, m referred to above, Of the total number of boxes 
shipped abroad, 208 were for ihc foreign depositories of full sets 
of United Stated governmental documents, and the remainder (2,057) 
was for distribution to. miscellaneous establishtnerits and indi¬ 
viduals. While the Smithsonian Exchange Service, a* a rule, trans¬ 
mits its consign merits to other countries in boxes, sometimes the pack- 
ages that ncaunuhitc for a particular country are not of sufficient 
bulk to warrant their transmission by freight, and they are moiled 
directly to their destinations, In addition, quite o number of pack¬ 
ages are forwarded by mail to remote places which can not be reached 
through the existing exchange agencies. During the year the num¬ 
ber of packages sent abroad in this manner was 30,48ft. 

The number of boxes sent to each country is given in the following 
table: 

G$n*iffnm<itU 6{ rxrbnngr* for foreign i rmiutri?* 


Cuouiry 

! Nimitwf 

1 '.it L'ir'ir.1 

CftUE ITJ 

N ujr.bur 

, Of 

AfStrcEin*! Jtifuiblk: ___ r „_. . 

« 

Latfk. .. r . a 


AfLrk. , __ riii 

M 

riChi?4HilB_._. 

A 

Fljiijrlnm 

a 

MbtIco. ___ r „.:___ 

% 

BoOrk— ____ 

2 

NiKlvrlbivU... 

5 

Bnuil.... 

M 

N«w Ooulh w iifj 

US 

BdLhhCdMkL.. 

j ”, 

S>W ‘EfrjiliiUl. .._ 

» 

ii ,,-. 1 

NifAfH^ua,_.__ 

33 

_ .. . 

» 


1 

rh[k.... 

a 

__ 

1 E'-ilrtlintr- 

33 

CU&a_.. 

u 


4 

nhiMifl _ 

fl 

i mlkm ____ 

3 

If 

CnJaatiift....______ 

wi 

13 

I'oliud. .... ____ _ _ ___ 

Oitfta Hlra_ . . 

m 

Unfa**-. , _____. _ __ MH ___’ 

1 

A ... 

Quftf-n.i8nnrl ,. rit .. 

IV 

rttfb^kTaiift 2,_2..... 

W 

qqflntnnbt 

la 

14 

91 

Duiif r .,._ .. 

a 

Ritsd*.-._ 

En4JKlor^_._„„„ 

11 

? 1 

SfttrikSgr . 

5Lutt 

a 

El ¥W .... 



a 

13 
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35 
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10 
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39 
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If 
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3 
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wotimtm DXFOsrrORiEa of united states coverx^-iental DocuarExrg 

In accordance with the terms of n convention concluded at Brus¬ 
sels March 15, IfiSG. and under authority granted by Congress in 
resolutions approved Hard* 2, 186?, and March 2. 1H01 T 58 full sots 
of United States official documents and 40 partial sets are now sent 
through the exchange service regularly to depositories abroad. This 
is a reduction of one full set from last year and an addition of two 
partial sets. Sew Zealand requested that a partial set Ise sent to 
the General Assembly Library in^tORtl of a full $et P The Sladt- 
bibliuLliek of the Free I "ity of Danzig was added to the l ist of 
those receiving pnrlial sets. The number of full and partial sets 
of governmental documents forwarded to foreign depositories there¬ 
fore is 98. The total number provided by law for this purpose 
and for the use of the Library of Congress has been increased* by 
net of Congress approved March 3 t 1925 f from 100 lo 125. 

The convention referred to above, which was the first of two con¬ 
ventions concluded at Brussels March 19, 188ft, and is referred to 
m Convention A, provides for the international exchange of offi¬ 
cial documents and scientific imd literary publications. The .sec¬ 
ond convention, referred to as Convention B t provides for the 
interparliamentary exchange of the official journal as well as of the 
parliamentary annals and documents. Convention A was rati¬ 
fied by the United States, Belgium, Brazil, Italy, Portugal, Serbia, 
(now Yugoslavia), Spain, and Switzerland. Convention B was rati- 
Bed by Urn same countries except Switzerland. Since the ratifica¬ 
tion of tlm Brussels conventions the following countries have signi¬ 
fied their adherence thereto in the order in which they are listed : 

1. Unimiriv—fritb cnnvenfloiia, IS^O* 

2. Argentine Itoimlille—coaraDllau A, 1889. 

%. I^araguoy—eon vent iutt A, 

■L CaechoslevalsJn—frith cunTraiJotm, join. 

fi r Patiad—^>a vent Jon A, 1020: convention n + mat. 

it Umiinai]la —both conventions 1023. 

7 r JiitHKory—frith coarratSoua, 1923. 

H. Btiratnlean llejiulitle—fra h convent Iona* ]023, 

it Latvia—frnh convention 

10. Free Clly of DjihjJb— holli califjgtUItiDii, JM24 r 

It therefore will be seen that 18 countries hare ihtis far joined 
the Brussels conventions of 18SG. In order to give ennui deration 
to the question of having a larger number of countries adhere u* 
the exchange conventions, the committee on intellectual cooperation 
of the IiCaguc of Nations called together at Geneva, in the Slimmer 
of 1924 a coinmittec nf experts on the international exchange nf 
publications, a brief report of which is given elsewhere. 
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At tlic request of tht? Govcnuoents of tiuland nud tins United 
Provinces of Agra ami Qtldh, the depositories of partial sets of 
ulSx:i3il documen is have been changed from the Central Library 
of the Stale to the Parliamentary Library, and from the Colonial 
Secretary a oflice to the l [Diversity of Allahabad, respectively- 
The names of the depositories in fareigu countries are given in 
the following Hst; 

Drav^urim^i or mix sns 

AwncuTm Hefubljc : Mtnlftcrlq do HelfLdonH Exteriors Buenos Aires. 

Au htkalia: Library of the Oommamwcaitb Farltemocit. Melbourne. 

Aumu: Himd&mmt fflr Statist Schww malierssErriH-^ 3 r Vlom» I. 

Hahen : UDtTe^UMji Bfbllotliekt Freiburg. (Depository of the SUlc of Baden.) 
TUvawai B ran t tf-BMlotbefc. aitmJdt- 
Bstaiva- BLbUatb&m* Hoy ale. 

TJbajul: Bibliotheca Nauiomih ftlo du Janeiro, 

BuK?ci»rt AiitEn: BibllqUvJt de In Uidverfddad Nudumil vie t:i Plata. deposi¬ 
tory of ibe Prurlnce of Buenoa Aitv*. i 
Canada: Library of Parfchnueul. Ottawa. 

Qjulb: BLIiUolec* dd Cofcgraso Naduamt, Buitlogo. 

Oiiis a: Auiertuan-CtilDese PulilleatloD fiberbuBg*Department, sbauglML Bureau 
qf Foreign Affairs, ShnaghaL 
0 >Lomuia ; Bibttntecn National, BogotA. 

Cuoto fLe*; OAcUut de Depfedto y Couje Internnclrtnal do PubUcaclbaeB. San 

Jos£. 

gqn \: SecreUrf* do E$eh*Ih (Aamitra Generates y ranjc? luturuudonuf L 

J4 film I1J1 - 

CKUclluHLiivAau t UibllothEuiie *te LA*aeiuM£e Natioaule, Prague. 

Dtniiaaic: KoageUife BlbliotbekeL CtapcahaftcrL 

E5oi-A\ii; British Museum, Lomlbib 

EmunoAl ftUginuuuutultQgu t-Sloto Library ?. Herat. 

FaA5vt£ Eflillutbfojue Xatlonule, Puiia 
HmoiEYt Deutsche HolclistxiKS-BlbLLothelE, BerLLn- 
Otxsoowt City Librarian. MLtehulI Library, Gin*snw. 

Okrtcr: BttUptfaftiue Naif anile* Athene 
Hokuaut: Hangarlun Homw vj£ Delegate*, Budniiesh 
Iirtiu: Imperial Library. Calcutta. 

Iws+ii Fact StaT*! National Library of Ireland, Dublin. 

Italy: BlblloteeA Nnilonate Vittorio ftnuniute, Eowe* 

Jata si imperinl Library of Japan, Tokyo. 

Lundo;*: tendon gcbuiil of t^bomlts ami Political Sdenee. (Depasltory of 
tbe lA&dou County Council, i 
Maxitqra: Prorlnelal Library. Winnipeg. 

M ,rxioo: BfbUutem Nadotml Mexico* 

Smums^smi Blbholliidt van de Twmlo Kamer dor StiAtois Cctwrau), Yhn 

Hague. 

Xew South Wax m t Publle Library of New Srmtli Wale*. Sydney, 
lao, A?ror lllnittry of Ptnanea. Belfuwt- 

NMWAi: tTiilYaMiteta-BIMtdU'k. (DtposllMy of tbe Oovoriuueol of 

Norway-) 

Owtajhu; Lf^l^uUvcf Library. Tomniov 
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Pauib : Prefecture de U Seine, 

Fiatr: BiblbHtca NucJobU, Lima. 

Poland: Bibliotlieque tiu Mtnbndru do* AiTalr* J/Armi^n-s, Warsaw, 

Pouttoal: UibUutlMJCi National, Lisbon 

Pjil'SSIA i Prtill.Hiikaljt' stmil^SI4(LHtu* H Hcrbtlp N. W, 7, 

Quebec ^ Library ut tbe Lefdftlaluft 1 of Lbe Province of Quebec* Quebec. 
QuxEN&tJU-fn: PairUjmMmtary Library, Brisbane. 

Hi sbia; HhlpfflcuU tejBporarily ausjM-ndvd. 

Hakon v : Lniido'bSbliMtbek, Driven — d. 

South AxtstAaUa : IWinaiuntArr Library, Adelaide. 

Staim: Servielo del Cambio InternadonRl <h> Pnbdvadoiie'i, CuerptP Fa^ulte- 
dvo do Areidveros, illbiiotcirariu* y Argatulo^o^ Madrid 
Sweden : Kimjtkyn BibiiutokeL Stockholm 
Swtsiiuiid: BibUcUi^Dc Centralis Feddrak. florae. 

SwiTtmLAftu: library of Uio League of Nations, Palace of Nations, Quui dc 
Ia'Umin. Genera. 

TahmajM-% : ParUHiEii fe iiiary Library, Hehuri. 

Tltbket: Shipments temporarily suspended. 

IJsioh or South A fhica : Statu Library* Pretoria, Trans vuaJ. 

Ujtooimy; Gflclmt do Can Jo iMeriiiieleiitLE do PnbUeadancs, Sion to video. 

VKMnct ma; Bibliutec* Nnefatml, Caracas. 

Viitobia: Public Library of Vittoria, Melbourne. 

WaarraN Awtou-ia: Public library of Weal mi Auutrulin. Perth, 

VV urtte m iikxo : LandetdilbUot Ink, St u E1 mi rf. 

Yi'uoslavta : Mlnlsf&ro des Affaires JckramttofHp Belgrade. 

phl'Osktuiukh or i-autial keth 

AuiiaiTA: Provincial library, Ldiu union. 

Aia .we- I^kka ink: BlbUutb&tUc Ontrenitaire et El£glimnk do Strasbourg, 

Strasbourg. 

Bolivia i MJidsterlo do Colon] racL&n y Agricultural lai Pita. 

Bit axil: BfblltitllccA dn Ameiubtea LcKbdatlvH, do Rsiailo do itto dc Janeiro* 
Nlcbtberoy. 

ItxLUKX : SruatakoomibBiluii flir Jkklj:- tstid AittWftrtlfe AnKHetF tikeUm, 
Biutibh Ooluuqia: Legislative Library, Victoria. 

Buitibh Guiajta: Government Bemtarj ^ Gfficc> Georgetown. Deincrara. 
Bclqaju a; lllnisttre dew Affalni Btrangfrcp, Sofia. 

CiVUjN; tjoloalni Secretary’* O&ce {Eeeord UepartincM of ike Library), 
Colombo. 

JJashu: Stadtbibliuthel. Free City of Dnnaitf. 

Kcltadoh: lilblleteea National, Quito. 

Esrcrr; jjihliarlii^uc KlF-dldnle, Cairo, 

PisiA^si; Paritamemory library. UebcLagfara. 

Guatemala: Secretary u£ tbe CovornaietiE. Umitemnla. 

Haiti : Secretaire C£iat dt* Hein don* Pst^ricurea, Purt aiii prlncc, 

IIamb uiyi i SenaLskoiumEw-^lon ffir die KeEcliA- uui| AuawarEi^oii Aii^ek^n- 
heitciL 

Hesse ^ i^andteiblblirptiKak, DanusliidL 

Homo-bab; &ecn?tary lp£ lim Gorarbb^L IV^ueigaltui- 

Jauaica: Colonial ^S rvCory, Kindlon. 

Latvia: Ulblloth^ine d^lnt, Ul^. 

Leeiemia : l^iiartnieal of State, Monrovia. 
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LtycuKS^o Maeqitek : Government Library. Lourtn^o Marqucr. 

LOxhtk: Pfm Went of the Senate. 

Malik aw, Provider of: Chief Skheretnrj to the Government of Mji liras. Public 
Ikil^rtmriU. JLailros. 

Malta: UlnlMcr for iiae TreaHflry, Vrtleiin. 

New BesoshwIck 1 Lcstflintlvo Library, Frerferlclrtiift. 

HkwfUUnmwiD: CoIimUl sSoeretnry. St. Jo1ui + «. 

New Zealand: Cvncml Assembly Library. WclllngfntL 
NeuaOaGKTA: SapertutcmletiU de ArcMvtia Nadenali^. Managua. 

Nova Soitia: Provincial Secretary ■-f Nova Bobtfn* Halifax 
Panama: Secrete rfa do EefaclOfieK itateriarra, Panama- 

PiWJat: RetcIOn Canjc Intenutiiimjil cte PnbUcartooea del MfoLdeHo tie lie- 
Ukrionci EhcterLar&fi,, Estrella GflS, AstmdAm 
PaisrcE Fuwapii Inland: Leg] hId tire Library, CharbdiDtotvn. 

RoritAxiA: Acmtewin Romano* Bukharo^t. 

^ALTAmn: Mints terio tie H&l odettea Exteriors. Shh Salvador, 

j' * ftK atcd EWA5 ; C! riven um-rnt library, Regina. 

Siam : lic»pnriiueut of Farotim Affairs Baimkek. 

SnurTfl Settle u ents : Colonial S«rctn ty< Singapore. 

Umm PnovirrcEo or Anax axd flmttr: CnlvefsUy of AUubabatl, AMababad. 

VmsTfA : BngcriDcIjdfr-Aml «lcr tfladt WJctk 

IXTHKPATILl AMENTA JIT EXCHANGE l«V omClAI. JOURNAL 

The interparliamentary exrhrmge is conducted by the Smith- 
-enijnu Institution in behalf of the United States Government imibr 
tliL 1 authority granted in h congre.^ional resolution approved March 
4 t lOtth the object nf that resolution being to carry into effect the 
piiovisions of l lie second convention concluded at Brussels in iHSfi, 
providing for the immediate exchange of the Official Journal, the 
United States being one of the signatories to that convention. 

The immediate exchange has been entered into during the year 
with India and the Free City of Danzig. Thn names of the estab¬ 
lishments in which the daily ['.sue of the Congressional "Record is 
m&ikil arc given bdmvt 

AxaEzrrmv. Hktuiiuc: IMbUuEcen del Cougrtwo Xaelmml. Bttt&O? Aire*. 
Acbtualia : Library of tlm Commonweal lb Paris ntto-m. Melbourne. 

ArsruA: mbUiiibck ti&t Nathmiftmteip Wien I- 

iMturx : Unit cm! til ts- Itlblli fjLbek* HeldcllwTE* 

tfrunvu : BIMfotlifttue ilc la Ctuudbre des Reprt^eotjmta h Unj^elH. 

Bolivia t G&mjtra do Plptitatiuts Cotigriaa NnriimaL La Fan. 

Diixzir: DlbUoUieca do Coacre^so Noel an a t. Rio de Jniiolm. 

»™*o« Aim :s: Htbltntrca del ftmado ile in ProvJurla i!e Hnetiw Aires, La 
Pin ed. 

Canada: 

Library of Parliament Ottawa. 

Clerk of Oio donate, U^nPt^ of PnrUnmcHf, Ottnivn. 
tVtfTA Rwa : DfLcinn de FK^jsUo y Gniije luternocional do Publleaclone^, Sun 
JomL 
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CiruA: 

BlbUutLvn de la Hlmitra fl® B^pre&eatatiter, HibaOJr. 

lillitiuitH'Et del SgisjieIo, ELubaou. 

CiHCnoat/>v,iK;(A: I'JlbHnl I^Njut- FA_sKt i mb]£* Natitmide, Pmmu?- 

Dajtiuck gtaiUblbllothak Dumd^. 

BfexuAbKi Bijftdagaiii Imranti, OnpeiilitbffetL 
EsnsiMnA: RU^ltiiMjiiiLtukogD (State Library), Berah 
FfeAWtB: 

ISEbHutb^iiie dc Ja Chflmtiru clan D€ptlt&f* cn PulniN Bunrbaa, Paris, 
BlbliotMqtia dn StiaiLf* mi Pnlals do I,oxt>ijabfniTT:i Parla. 

Grar.vr Britain: Library of tbe Fopel^n OI3]ee n Ilawiiliig Strut*!, Laiaduftp Si. W. 1, 
Greece:: Library af Parliament, A then*. 

Guatemala: BlblluEeca du la mHaji IntariLsteluiml Dntra-AtniTtauifl, Sa Cnlle 
Pooltnale Xtx 1 H Ciudad du Guatemala. 

Ha iti : StecnHa i ru rl t dus Rvltt t hi ok Lxl dr.lea re*. Pu rl -n ci-princs. 
irrjTTnuaAfl: BIHIxptuta 4flJ OsmcT&w Nndtinal. Tesudgaljm. 

Hu Ml art : BMiUoUiak di"i Ab^eoidTketc-iiliJiiiHW*, Butin peat* 

India : Led slatUe Library, Simla, 

Italt: 

BlhlintvH del In Cnniff a del Duputnft, Pnlnssw rl i Monte CUarto, Rome. 
llMitiiiUxn del Setiiilo del H^o R Pqloszo Mudamn* ReEiie- 
IjAtiia: Lfljmry uf fhi* Saidma, Illpi. 

Le&qHa : Depfirtmeiit of 65tiile F MonroHa, 

New R^uth Walw: Library of Pnrllatarair. Rodney. 

Newt Aetat a ’,u : General Assembly Libm iv. WuUIbKtmi, 

No kwat : Rtnrtltt&ctff RIMlmek. Ofiln, 

Pear: C ,rt.irjFim de Dlpntadoox < + en^rcso Nadonnl. Lima. 

Poland: Mnti^jenr le MlQl^tre d^i AJInln-H fitnLtutfrud, Warsaw. 

E'Nmti mj a [.: JMbUoEhcvfl do Conjn^ftStD da RcptibUcnp IdabojL 
Phussia: lllbILotbek dew Ab^irdcotanbaOM^, Prla?-A1brecbliTtrnfwc fr, Perhn H 
8 , W. II. 

Queensland; Okie# Suenttary^H rbiiarlmuut. Brisbane. 

Rouua.tia: UsMIidtiPijne de In Chnmhra dee D€fratfc, Biikbnrest 

8 E*A 1 N t 

Bibtlotora del Cotiprrt.^o d* k \m D1 pula slow, Mai End. 

BlbUotecn de! Sena do. Madrid. 

StmwutbAJiii! 

hihiJutinl^uo do FA^umblix Ftftlfride tfntae. Bexue-. 

Library of the Longue vt NaHrjtuj, Geneva. 

Teanstaal- .Stole Library, Pretoria. 

Union op Boutm Africa: JJtirnry uf ParllnmeiiL, Cape Town. 
tJnencAT; BiLIIotcea dc la Gdmara de Ropri!nL>ii|anUTi r Muutarlik 3 o. 
Ybvccuela : Co uj a rn do Plsiutmh**. Coa^TOO NaciomaJ, Canic**, 

Wwm\ Au^tjlvlla : library pJirlEiiarcnt of Western AuvtrRlln, Perth. 
Ycoosi^tia: rjltmry of tbe SknashHnn + Btlarmlf_ 

"niero nre at present 43 different foreign States or Provinces with 
ivhich the immediate exdumga of the Official .fournai is earned on. 
To some of the countries two copies of the Congressimini Record are 
fonvurded—one to tbe upper and one to the lower house of Parlia¬ 
ment. The total number of records transmitted is 40. The mitulwr 
uf copies of the record set aside by law for this purpu»e is 100. 
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POREXON KSCHANRK AOKNCTES 

A complete list of the foreign exchange agencies or bureaus is 
given tielow: 

All'iCILTAp rto Fra arc. 

Ajsgola, rist PorttisiiiL 

A , p n*TTTTvr ItH'UBLic; ComlHiOn PratertoiB tie BSbllUtccflfl Poptilare*. Cnlle 
OArdofri 031, HhftiM Alro*, 

Al’Knit a : Bmrtkaamt ffir Sfjitfrtm, fidiwuraentievmtiiuK &. Vlemm I. 
a 7<!jnK-t r rfo PortngaL 

nxcn-'iJ: Sfr mre Iteitts fl®* ^k*nnp b M latomatioiinffit,, Rfio den Lon®j-duLrtoUi 
Hti, UrtL^clR 

HOtlTOA: Nfcrtohal tip EsftftrtJdHra* Lit Eli- 

Pimkil: KonrLoi du iVmnitniip^a IntrrmicUmaea* BtblloQu^i XftdomiL Wo tlo 
Jiineirn, 

UiiiTiKu : frown A grata for the ralonfr* Mmdoii. 

Harm'll Cm ui An a: Rojal AgTlrullaniL nail Conunert-Lril tfoeleiy. GoorjfOtonu, 
Jiisrftin HflSBtHAP - Colonial Swretnrj\ Belize. 

T'oijhatiia: Inrtihitfmnzi taJontinqu-cs di« S. M. le Rot do Bulwark*, So flu r 

C \*\iiT latAirr*. no KpaliL 

rnii^T Scirfrlo do Ca»Jf$ Intanimfaimio*, Blblloiren National* Santiago* 

America ii-Clilnera* riiMIfrittLon KifliMSfl Department, Shanghai Ou- 

miri of Fatefen AFTfi Im, sis ringtail. 

Cnoeiw: fjff^orpmcnl C.eperol* Kid jo. 

rotomitA: OMn* do Catkin laHsmnufci&iiltti ? Repm*®, Bibllotecn Nuelonal. 
BojjtiiA. 

CiMTA Bjcae Hfl find do Dep&dto y Cnnjo lutrnmuhniil di> FablicsdoHos Snn 
Jowk 

CHQCHi^TJO AKtAL Sorrier Tohfc-n«tarm|iie lie* Kilmr^iw InioroattaTijinx, tUbMa^ 
ilii-im- tfe rAs^uiMve XnthmjiSe. Pretguo l-Tk- 
Da 5 /j« : Ami fiir den InmimtltiJuiUHi Sflhrtftenjuijdau?^h der Fnplm Stadt 
Danstg, fltail LbjMIc thet , Dfetffld^ 

DtHUABlt! KonBeUtt* [ftaiigkce VldotufenlKnm Ht-Ukab,. Copciihaini- 
jj[itra r;rriAr<A - jja H nn nmjH'iH* KiploiiLnlo BLM lot bride < panunaribo. 

F.cuairkb : Ulnfrterto dr HelaHanwi Exferlomt* ijiolio, 

KaYm so tit by mill 

I^tiio^ia: Ril«ir:idt»aink»gii (Stole Library), RwmL 
riAt^i.xrn: Dfjb^iira of iho foli-iulflc Bwtettes of Finland* Helstngfurfc. 
Fhanck: Strrvkx* Franc*ti» do* Ki-linn^ liHornnlbrnuu^, UQ Kne de lironelle, 
Fnrbj. 

(nmiiAST: Amerlkn-Imditnf, 1-idTendtBtfftratw* & P Berlin^ N. W, 7, 

Udi AT llitiT.xin a, vis Iiii [ a >ij : Mo^rm WTiohSon k W<Hlor, 2, 3. elihI 4 Artlmr Sf,. 

>nw Oxford St., t^tulntk C. 2, 
iInon y. j BlbEoEtuVjup \alioriatr- h Arhonft, 
i2atr%t..i?sti, rid IlH-nnsnrk, 

i * t' ,ite ii ala : XafliUtitb Nai-ktiul do VuroaoB, OuiUenmtsL 

Haiti ; SocnHii Lrc iFfitat dfcs JtoldlifHui Ex (lt Source, Port-tP-Prliicro, 

Mft&uinui); litldk.ttvii KnckmaU To^ncfgaijwi. 

IJcttoait: ijerrlco Ildiiiir^is des ^duutpi lnlonuiUonnu^p Mtw6e NnlKonalo, 
Bnilnpeat. VI11. 

[rfi im, fin tlE»imknrk. 

1«ha: Sop&riisteoitot of Stat|op®iy, Efowbax. 


REPORT OF THE SECRETARY S3 

F t.vi.y: Pfflcfo fteslt Heninbl InitTiimlrumil, flJliUedetU XniEmrnlc Vittorio 
Emit uncle, 1(4 ■ roc. 

Jamaica: Institute of JnmnlnL Kingston. 

Japan : fnigicrlal Lltmir of Jmmu, Tokyo, 

Java, nrj Netherlands. 

Latvia : Scrrira des Erfiangen intorimiiunaus. Liblltithfriue il" de Lcttonle, 

UmonMAt Tinmiii nf Exclmngfe!, D£fit rtuaent Of State, Monrovia. 

Lithuania: Sect h y mm ft 
iAifxMtttco Marquis Ha PortUgnL 
Litskurfivi, Ha Beldam, 

Madaoa^ah, vUt France- 
Markus a p vtn PortugaL 
UoKAMfnquE; Hrt Portugal. 

NiriiRin Asns: Bureau HcjentUlqito Central N^orittlnlnH BStdlottiSque do l 1 Aca¬ 
demic Technique. 1 Hdft. 

New Somi Waim: Fublh: Library of New South Wak% Sydney, 

Nuf, ^wi ami: Dominion Ma«pura, WdUngtuo. 

NtOABAGVA : MlnDterlo tlr RelrtrioEien Extrrioreis Managua, 

Norway: UDtTei^teta-nibtiotck, Onto, 

Panama: Se-cmttrTn flu Itoint-Joiir* Extcrioros, Pnrmuia. 

Paraguay : Fceeifin Van je tn ter mi clonal fir PuLitknvIiMi^ del Hlalatcrio d« 
Rplaelonrft Eslurli?™, EAlrdln JW3. Anunclon. 

Punu: Ollclim lie Hciuinu* DeptiaBo y CnnJ* InterruiHQn&l dc PabllGacffmc-s, 
MlnLMcHo do Fomcnto, Limn. 

Poland: Hen Ire Polotinls rt^s iVhaiifjts Interim I humus, Btlrtlolhrrjuc du 
Miniature f|en AfflflU&i fil Wamnw, 

Pi.mTi o.vL ■ SecHIo de Trwis IuturDudmiiLcHL LitblioSlieai Xa..-burnt Lisbon. 
QTWH.AM: Bureau of Exrhan^s of I ut craft Etonn] PliblteRttonH. Chief 
m&ry h rh] hi rt u i! > lit * li rfclui ne. 

Uoumanm: Bureau des fiduttifca in rerun Etonniix. fmtfliut Mi'ttHtrob*.d(iue 
Cent rat r RuklmresL 

U i s:- 1 ,i: Ai-a i |i 'ti iy of Sc [i-nccs. !*■ n] n jcnid. 

SmaaIwib; 31lnl£trrto de KelncLone* Extcrtoi'ra, San Salvador. 

Siau: Pepnrtinenl of Foreign Affair*. Rringknk. 

South Australia : Public Library of South AiLHtrnUii. Adelaide. 

Stain : Sonrlcld ilel Cambio International de PubHcnrii’ineA, Cusrpe Faeultn- 
tI to de Arrlilrenjflp Riblloteearios $ AvqnMogm* Madrid. 

Sumatra, Hu XeEherluiidK. 

Hwkijev: KouKlIftR BYensfcu YcE.cmakji|^i Akndnmkn, Btockhulni. 

SwiTrKffli^KO! Service Suisse lies £ehiiii£t'K lulerEiiutnniuiT, EfMlothfrfue i\« ti¬ 
trate I'Y^rnTe, Berne. 

Stria: Aiuerbmu I'nlverity of llf-lmt, 

Tahmattia: Smrrtnry Ee I he Premier, Hobart. 

Tbitulvo ; Royal Victoria Inetttiitc of TrUildml and Tobocb PGrt-eLSpaln. 
Tunis, rbi Frntice* 

TqitKCT: KuThte iJoJkse, roi^tjmtiiKij>le r 

( UK SuuTii + \nut’A: ilovemnieitt Print Ihk VTt»rks Pm or In, Tr^n^vnnl. 

tlaiGUAT: ' itklim de rnoje liitcrmif ioiml dr FtiljlIcaduEse.^. ^tontcvlde^ 
Vknoutiji : Rlblloteca Nncku^l. ror^enm. 

Victoria; tbitdlc Library of Ylcfnrln, MeIl>oiiriiev 

Wkstebit iifMum: Public Library of Western Anstmllci, fVrtln 

Yuaosi^viA: A end cm Sc Royalc Seiiw tlw SdeokTri et ties Arts, Ibd^mde. 


§4 AKlfUAIi BEPOBT SMTTHgOFI*?* iSSTITUTtOS, ltttfl 

COM1HTTEE OB ESITiffS PS TtiK IS'L'EBSillOSAIi liStHASflE (At ITBLI- 
CATI0N3, (JlSXEVi, SmITHERKASH 

The committee on intellectual cooperation of the League of Xa- 
tionK <'uIU'hI together lit GdIKVII pfuly IT—If*. I.H24, n i mitmifcteo of 
experts' on the international exchange of publications, of which 
pmf. O. do Hdedd, of the University of Warsaw, whs made chair* 
man. Mr. H. W. Dorsey, chief dork of tho Institution, who lins 
been closely in touch with the exchange service for many years, was 
sent us the Smithsonian representative. The other members of the 
committee were Mr. J. Luchiiirc, Inspector General of Public Edit* 
cation of France; Mr. K Bscha. Director of the Belgian Service of 
International Exchanges; Mr, V. Bencdotti, Director of the Italian 
Service of International Exchanges; and Mr. B. M. Hea dicar. 
Librarian of tho I^ndon School of Economics und Political Science. 

The above committee, without, making any change in the Brussels 
convention of 1H80, recommended an additional protocol, enabling 
the states that are not yet parties to the convention to adhere 
thereto with reservations. The resolutions of the rojnmittee of 
experts regarding this matter are as follows: 

T^" mi ad's whicli have m»t yet n Jliervd. tfl the eonvecljon uf lSbH ami mlvtit 
cahsliier tiw obligation carried In Article it as too burdensome, either on 
nr^'oiuit of the vt'ry groat number cf their ertk'lrti puib-IJcatknifl or on q cod uni of 
tUrlr Inimelal wnditiou, or on unj other ground, urn? ciOTpt the cotnrenUun 
with Lhe tH - rvyikio Lluil they would with imeli nation a.* to the number 

o( tm hi lint bins U* he sent. Tbo raduiujin el throe btatei with wHite* that hwvt? 
unri^orTwlly adhered to thu ednmidoii would goramil hy the mldio 
prluolnte. 

The tkdglon Government 1* naked kindly to make it tent of the fort-goLup 
rctfoluMun known le the states parties to the convention of March IS* 3frSG. 
These stales will at the mm* time he Informed ihnt pnrthil adhesions that 
imy occur tinder this resolution wpnld he made known to them by the iatuft 
ijoremmen! nn luat an they took jdacc, the raid mtheslotLK heeouilug coin- 
pulsory roily jljs between the mid parties that accepted them and the adhering 
states. 

All applications for partlul adhesion would ho made known to the Hulglaii 
GoYernfflODl and noWled hy that GtweriiumiiL to every one of the states parties 
to the iviiveMkm of IEW. inrituiinE thow who ahull have been allowed to 
itStc purl ini ailhealon to that treaty* each on& of the klntta being at the sumo 
time cettiicst^l to ndTh® Use mid Government within 0150 year after the date 
of rach nritHimUmi whether, m far as it b cuocenttd* U hn.R ucecpted the 
partial AdhcritoEt. Any Plate which shall not hnve notified it a acceptance 
wJLhln thnt time «hiilt be co ruddered u* tefunlut: to neeept the iidh^tftun. 

These r< ^ilutifiiis were brought to the attention of thk Govern¬ 
ment by the Btilgitm < iovcrrmients The Department of State referred 
tho mutter to the Smithsonian Institution* which replied that it 
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no objection to the assent of this Government to the principle of 
limited adhesions to the exchange convention of 1SS8. It was pointed 
out, however, that ns the principle of partial exchange of official 
documents low bwn adopted by the United States Government, the 
proposed reservations to the convention would not materially affect 
the exchange conditions naw existing between the United States and 
other countries, 

The committee of experts considered not only the possibility of im¬ 
proving the exchange of official documents us referred to above, but 
also the best way of encouraging the exchange of scientific and lit¬ 
erary works. The committee’s recommendations are embodied in 
the following extract from a draft convention: 

Airridfj: i , ni«lei«fiiilei)ilr of the obligations which mfght remit for each of 
ihaiu from the previa** iunn'nT.imiit relmtvo to the exchange of publico t luiia, 
fhe high con trading parties tiuilcrnikt to exchange, as inn as they arc joib- 
Jlslied, at least otic copy— 

(*) All fii«- rarrent repertories of unlioitoj hlhllojjnipliy of a general rimr- 
actor. 

(A i As far ns possible dneumeats of every kind giving information on the 
retain Qcijulsl if (ms of their sclent Mr libraries. 

Amt, H. Each coat rucl ins State gumn to ulto all measures which it jndpes 
desirable— 

to) In order to make easily ncurcslble ta all in (crested jm rites the ILsIh 
communicated In 1L an-onllHg to Article I. 

(hi In order to aecare favorable ctinaklcrnLiun of all the proposals* of cx- 
ctinnffe which might bo addressed to It by all the contracting States with regard 
to RfentUU or literary publications Included la the aljove-meatlomsd lists. 

Art. Ill, Tn fnclllinin generally the exchange of works which ore the mint 
Import tint or most representative of die varlwut types of national culture, the 
hlsli eoutractln E parties shall collect or cataflotnie the publications nseclred hy 
(rift or otherwise which nrp nniiltililn for international exchange, They will 
pnbllsh from tloie id time h list of these works, 

This ILst will also give the names of works existing In duplicate In libraries 
which may L>e exchanged. 

Aht. IV. The high contracting parties uaderlako to eneenrag? In every way 
the mutt!plication of exchanges i'f scleatifle ami literary publications. whether 
SlntC’SiiIiflidluNl or not, tsetween MeodcnOH ami learned societies, uTiinwitles, 
ami sclent9Ho UitfUtutloas, ns laid down In Ankle VII of the Convention of 
1SS0. 

Am, V. Th* high contracting parties msderlake to publish annua) reports op 
the work of their exchange scrctces. Those reports shall i* transmitted to the 
commit lee do Intellectual cooperation, which shall publish extracts therefrom, 
totrtber wllti a general report on the work of the Interimllonal exchanges 
rtnrliig thv perloJ in question, 

Thu text of the above draft convention was brought to the atten¬ 
tion of this Government by the secretary general of the League of 
Nations with the request that consideration be given to the fuasi- 
?ts>n~2ft-r 
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bilitT of agreeing to it. The State Department referred the matter 
to the Institution, which replied in part as follows: 

Willie II li» roalluMl that the article* in Hie propuM-’d now cuOTEollMl would 
Rfontly fnelUlnte the <lUf*eiuinntIim and iutercluuwc of published Information 
junons the vnrioiu count ric*. it Is also rtaliw.l that It would He ImposrfMc to 
carry out their •Upulatluiw ev, n partially without the expenditure ot a eo&- 
dUcraHte sum .if money mumkiUj. So far as ibe SmUHwoUn Institution I* 
concerned. it would la? impassible to do so witliout o l«rto- Increase In Hie 
appropriation made to tt for Hio sopport of tin- iateroatloottt Eseliamje *«**■ 
Hie {>uilih*onlon Inst Hut, Inn In. Uui*f«*i not In a position to carry out 
even partially the terms proposed In the »ew contention unless ndevnate addl- 
tjnniil funds wore appropriated for tlie [mrt*>s*. The lost It nt Inn hit*, however, 
nhvji t-.t .tone every thing In Its power to promote this subject fdtiee 1L Inuumi- 
rated h system of International ey.-hunac in IfcoO. and believes that It mlplit 
foe well for this country 10 consider again m a luter nntl wtitji favorable time 
the iiueHtian of adhurluK l® the proposed convent tom 

The comm it ice of experts also gave consideration to various oilier 
matters looking to the improvement of the international exchange 
service at large and the extension of its activities. 

Respectfully submitted. 

C, G, Abbot, 

A#«iJttant Sttrctary, in charge of Library anil Exchanges, 
Dr. Cuabu* D. Walcott, 

Secretary, Smithsonian Imtiifvtion. 


APPENDIX 6 

REPORT ON THE NATIONAL ZOOLOGICAL PARK 

Sm: I have the honor to submit the following report on the opera¬ 
tions of the National Zoological Park for the fiscal year ending June 

sa ms. 

Mr. X. Hollister, superintendent of the park since 1016, diet! on 
November 3, I024 t and was succeeded by Dr. Alexander Wetmore, 
who served until April 1, 1&25, On that date Doctor Wet more was 
appointed an assistant secret a ry of the Smithsonian Institution, and 
the writer was honored by appointment as superintendent of the 
park on May 13, lfl25 + 

I he appropriation made by Congress for the regular maintenance 
of the park was $148^37* From the printing and binding appro¬ 
priation of the Smithsonian Institution, $80Q was allotted to the 
National Zoological Park. A special appropriation of $3 h 250 was 
made by Congress for laying a water main and installing two tire 
hydrants in the park- This sum proved to be inadequate, and it w as 
necessary to allot money from the regular maintenance fund of the 
park to complete the work. 

As regards the collection, the year has not been a satisfactory one. 
Many of the specimens in the park representing major types of ani¬ 
mals are very old. find occasional deaths are beginning to thin their 
ranks, as has been expected, w hich has resulted during the past year 
in the loss of valuable specimens in several representative groups, 
thus greatly diminishing the value of the collection, 

accessions 

Gifts -—One hundred and thirty animals were presented to the 
park or placed there on indefinite deposit during the year. Notable 
among these arc the splendid young male chimpanzee and a pair of 
turncous placed on deposit by Mr. Victor J- Evans, who maintains 
ii continual interest in the collection; n series of five valuable mon¬ 
keys presented by Mr. and Mrs. E. R. Grant, of Washington, D* Cl; 
a Batelem* eagle, an Abyssinian falcon, and two South American 
stono plover, by Mr, B. H, Swales; a brocket deer by Mr, P, W. Shu- 
fehlt* of Belize, British Honduras; a black bear by Mr. Fred X_ Bent, 
of Do Leon Springs, Ida.: and n large monitor lizard by CapL 
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Walter K- Iiurgesa, United Stales Army, A complete list of ^ifts 
for the year from 70 individual donors is m follows: 

Mr* K. H. Ac her, Washington, D. (X, Virginia epufwom. 

Mr. J. M. Annin tide. Washington, D. G„ Virginia wmmm, 

Mr. C. R. Affcbemel«l% Washington, IX C-. chicken tartly 2 gopher tortoises, 
mid Florida snapping turtle* 

Mr. Yemen Bnltey, Btoloielcal K array, Washington, D. C., white-headed bench 
mouse and ft grasshopper mice, 

Br r llnnibnrt, Washington, D. €., mockingbird. 

Mr. 0- E, ftuyiiurd. Plaid City, Fla., Florida barred owl and bald eagle. 
Mr. X T, Beiuum. NnxliUft. N + II. h Nepalese paroquet. 

Mrs. L, A. Bostwlek, Washington, D. L\, 2 Tori paroquets. 

Mr M. K. Brndy. Washington, IX d h Chinese Japanese, and American tor- 
|$Ue$ nod terrapins. 

Opt. Walter K. Burgess, United EEnlcs Army, monitor lhzftrtL 
Mr. Fm\ N + Burl, !>e Leon Spring. Fin.. black hear* 

Mltii Helen Cu tilde, Washington, D. C-, brown capuchin, 
sir, IX c. Clmmllw, Washington* IX C. f Cuban pnrrot. 

President Coulldge, While Bouse, nlllgatoiv 

Mm B. EL Eh? Man?t* Wnshlngton, t>. C, p cstinry and red nud-bluc-aaif yellow 
mien w. 

Mm. IX O. Earle. Washington, l>, G,. nUigater* 

Mr. E. H + EMI a Washington. P. C r , screech owl 

Mr, will EUla, Niagara Fulls, Ontario, blinded rattlesnake* 

Mr, V. J, Evans, chimpanzee* 2 luraeous, and 2 ehukker pnrtrldges, 

Mr. Charles 1. Fhgnn, Hut iway. N* J « [ItuigarJun ijunl!, bobolink, and Giy a 
DutIl 

Mr. Robert W. Ferguson, Bool on. Mum. wild turkey. 

Mm. Robert W. Ferguson, Fvruumliiui. Fla., S rnttlemikefr, 

Mr. E. K. Fi?x P Washington, D. C.* thick-crowned night be torn 
Mr. Ar G. P. Garrett, jr., Washington, Th C,. tapcouu, 

Mrs. E. H. Gilford, Washington, B. C.. Philippine m&ClUH» 

Hr, Wi & Godbonoiif, Bureau of Animal Industry, T^irliuvnt of Agriculture, 
Washington, I). <3L+ S mjallftrd.s. 

Mr. E. R* Grant, Wawldngiori, IX C h mandrill, Grinds. baboon, yellow biibneu. 
cud sphinx bciboon- 

Mrs. E. R. Grant. WasbingE'*n, D. C,, lesser whitc-nasoi! goenun. 

Mr. Arthur Harris, Washington* D. C.. rlng-nccked phensanl. 

Mr. Thomas Harrison, Washington, D. C„ alligator. 

Miss Inn L* Hawes, Buretiu of Entomology, WashlngloD, fS. C., horned load. 
M,n Josi^pb FI fly den, WajibltigEon, D. grrjs.4 luuoQoet. 

Mr. Owen Flootmnu, Washington, D. 0-, barred owl- 
Mr. tl IX, Hulhmok, Mjiiipln, Grs^., bluek I 
Mm M, J. Holmes, Wuadihijputk 1>- C„ 14 th 1 jny. 

Mr. W. Fr IlopkiitH. IVn^bIcigtom LX C,. limed turtle. 

Mr. 1. S, Horne, tinnsns Glty, Mo„ 12 prairie dugs. 

Mr. Clyde Hownrd, Huntley, Mont,, coyote. 

Mr, Francis JaJTre, WashlngtOSu n (X, Nt, Helena mubJU. 

Mr. F. N. Jarvlfl. Bbdqgicat Surrey^ WanMngtoii, D. IL. Auierknn \\utn owl 
and Cooper + * hawk. 

Sir* E. J. Jutx* Washington, D. C„ Hargay cat. 

Ml as Virginia Enlmbin-b. Wiisblngtoni IX CL, camuj* 

Mr. Frerarbi $. Key, Wunbln^ton, D. C- P alligator. 
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Sir, Jetamu Kv\v*. ALxumlrJci, Vu„ Kjinoiulhm addr^r. 

Sir. Johu M- KlkJn. Wiif&iJagtfiR* EX CL MDu-fraatHf i^irmf. 

AJnj. Frnnk G- United Stitts Atu^ 1 rM-inil-bEn^ondjoIlow macaw* 

Hr* SVlUinin M. Mb mi, Afrlran LcurLoijH*. turtle, atwl Hae4utt4*l 

IBlrrot. 

Mr, Herbert AlnmJit^, Wskhlngtaa* D, CL nllEgntor. 

MLhk AferTu G. UuLLhcwM, WasliSmuHEx IX CL Alligator. 

Mvn, J. W. HtCItitv, tabting. Flrt. r ( wo smmlMU emnes. 

Miss Leila Si. MitatefttX N&wdngterx Ya. P Virginia n|iOHHiini. 

MrK J. TV. Ator*c. Wnnhlngtoix IX G., Alligator* 

Air*. lx VY. l h a«3r|rn, ifredtintA, N. \. f double jeUdw-liead parrot, 

I>r, Vnrcloct Bound Brook, N, J.* \\inv. utiuke r 

SJrw. l\ Prrfciaft, Wueliluptoix D, CL two snapping tnrtfe urn I two pointed 

turtifTTiL 

Atr. R R I’bllllpex Wmflilngtou, U. C.. a]U*atcn\ 

Air. J. ILL Dining Falls Cbureh, Yii. p brown capuchin, 

Mrs. II. II. Qufnn, WfflRbJngtob, i> r C. P cuiumoo rnhbli. 

Mr. ft. D. Betdr Unlrrd State# Nutlrvnni Muslim, Washington* IX CL pilot 
blark Niinko, 

Sir. 11. W. ItlL:hunlj# r Tbfcomn Park. AHL+ two tHirccch owls, 

Mr. L, Ik Boberiaoii^ Clitrcmton, \n. k bonnet monkey T 
Air. J, T* Ruttell, Witsliliiglon, IX CL t 5 cu paroqimk 

Sir. I£. 0, Shumion, United States Xnl toxin 1 BIufieum p Washington, IX C, P 
copijcrhend ^imkc. 

Sir, John B. Shepard, AI Liny. X. \\, muskraX 
Mr, ix w, Shafddt, Jiellsc T H, Tf., brocket, 

Mr, Curl EL Smith, Washington, IX C„ aru^wl^M pnroijiict, 

Dr. T. EL Sxiyt1er H Bureau of Entomology, WoiilBstOn, D, CL spreading odder* 
Sir, IX IJ, Swah^x Wa sh i ng ton* D. CL Hniitb American ftiouc plover; pi^iiiy 
fnkxHx uud Ha irk 1 nr en^le. 

Air. I, K, Tyler. Washington, iy CL catutrj, 

lira. IE, C. wntoix WaalilBElun, D. C„ h!Lie -a nr|-yellow macaw, 

Mr* H, A. SY re on. link lino jv p Mil,, iilldim wmirrel. 

Birth #.—During the year 74 birds untl mammals, hatched or born 
at the park, wet® added to the collect ion* Among the mammals 
were: Manchurian tiger, 3; plains wolf, 3; coyote, 5; European 
brown bear, 4; Rocky Mountain sheep, 3 ; motillon. L; tahr,Q; Ameri¬ 
can bison, 3; yak, 1; Indian buffalo, 1; black buck, 1; American elk, 

I; red deer, 4 ; Barasmgha deer, 1; Japanese deer, 4; fallow deer, 3; 
hippopotamus, 1; grasshopper mouse, 5; rhesus monkey, 1; .Javan 
macaque, L; Japanoee macaque, 1; Hying phajangor, 1; great ml 
kangaroo, :t; rufous-tiellied wallaby, I; brush-tailed rock wallaby, 1. 

The park was again fortunate in raising two blue geese (O hm 
0( trulesceruj. Other birds hatched were as follows; Mute swan, 
black duck, peafowl, silver gull, and block-crowned night heron. 

f'urchmex, exchange*, and traitefers. — Only 01 specimens were 
purchased during the year. Of these special mention should lie made 
of a De Brazza’s guenon, a serval, a pair of viscachas, an Arabian 
gazelle, a llama, and a mats gomsbok. The last named is a magnifi¬ 
cent specimen, the second of its kind to be received at the park! 
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A small number of aniinuh; were received m exchange for surplus 
stock from the collection. 

The Biological Survey, United States Department of Agriculture, 
transferred a number of animals taken by field agents of the bureau, 
including some large western ravens, western porcupines, two sand¬ 
hill mmcSi and two whittling swans. 

Depotiiss —Among the animals received on deposit, which repre¬ 
sented species not exhibited in the collection, were a sarus crane, a 
jabim stork, and a pair of adjutants, deposited for a time by Mr. 
Victor J. Ei'aus. Of sjjecics placed on deposit which were new to 
the park records, a lesser white-nosed guenon is especially notable. 

REMOVALS 

Forty-one birds and mammals were sent away in exchange to other 
zoological gardens during the year. Among Lhe_se were two elk, an 
Indian buffalo, two American bison, sis red deer, four Japanese doer, 
and a llama. 

Nine animals and birds on deposit were returned to their owners. 

Hie average mortality among the animals remains low, despite 
numerous losses during the year, chiefly among aged animals, long 
on exhibition. These losses, however, have hem very serious, as they 
include a bull eland that had lived in the park since 1910, a Grant 
Eebra received In 1909, a Rocky Mountain sheep ram received in 1917, 
Barbados sheep, reindeer, a Wort hog, two lions, a male Axis deer, 
iiii African leopard that had lived in the park since 1909, and an 
African rhinoceros that had been in the collection only 113 months. 
Most of these animals were the only representatives of their species 
in the collection, and their loss creates gaps that can be tilled only 
by purchases involving expenditures of far more money than is 
available. 

Losses among reptiles are so heavy unless adequate arrangements 
are made fur their care* that it is useless to attempt to maintain u col¬ 
lection in this group, except of a few hardy types, until proper quar¬ 
ters ore provided for them. 

Post-mortem examinations of animal* that died were made, when 
desired, by the pathological division of the Bureau of Animal In¬ 
dustry. 

The follow'ing list shows the results of autopsies, the causes being 
arranged in groups: 


UAumn 

Hu run] rial la j FwmtijtiU, 3: plearlsj- ansi parted nlttls* 1; g^frwaterltla, I; 

uecrohncIlErerbi. no caobe fomut 1. 

Garalrtira: Chronic noiihrlUs, 1; Lnccruel tn?morrlmj£e, 1; cystic gultrCp 1: 
dn C4HI9S fndtlll. 1. 

HiKltifiiJa i Potimjoats, 1; nqvro&b of J a w t l; nu canoe found, i + 
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Edentate: Co motion of litntfs, 1: tjn caiwo found, 1. 

Frimntrai Conation of lungs, i; Icterus* 1; metritis,. 1; cystic tumor, 1; 
iii3qrla#tp 1: eagre pa ro lysis, i. 

ArtliKlaeti p Ju: PDttmitmlfl, 3: enteritis '2; gaiiirwiiterLtfe 1; acute Indigo** 
lion. 1; impaction of nunco* 2: old ngu, 0: accident, lj dlfQeuU parturition, 1. 
Perissodnctyin: Room! worn tatotattoo* l; volvulus of targe l 

ProboacJdua: Malignant tumor, 1. 
iitoHrtnvcura: CinutnwntrrlEta, 1- 


hikds 

CJconllforme* j InipacHon of crop, I; i: m cause fiiiuul, 

Aliaerlfofemes* Tnfw-rcakwtLs. 2 : guntroimteritU, 1 j visceral itouc, l; wnulnoiltf 
otatlputtoD, 1; no hula* found* 5. 

Fatomlformc!*: Accident. 1 . 

U-a'IUfnrmra: Accident. L 
Grnlfnnui 1 -*: Accident, 1 . 

CbnradrlLformes: Enteritis 1 ; vlietmL gout, 1 . 

Psltme!formes; Tuberculosis, 2; euceJi litisL% I. 

CoTTicilforowru: TuIhtcuIlmIw, l: ToWuttvs or Eurae Intestine. 1. 
I^rtforuM: Sjmeopc. 3; tapeworm infestation, 1; no came found, 1. 

AK 1 MALH LS THE COLLECTION, JUNE 30 , 1 B 2 JJ 


MAMMALS 


MAH-SI S'IAE.1 A 


Aren't d[pCi«^uie ^paitui 

__ _ _ 1 

VtrflUda opufciym £fji 4 r;pk{! tHrji*- 

TltAinAUlMU <k-rl] \Sa rruji-A i J ui hdrrt- 

Au«f.ri||jLa i.ixKii&uni iTrtehaiurut ™i- 

----- t 

Hjlng iihnluEUicr (Trlaurvi brtri- 

H^t)-U]U 4 roifk watlntir fPchropaif 

pen tciltat n I__ __ 3 

nufdui'fcliirri witter ijfumipsr* ilk 

?a rdfatit I ,. ______ m A 

Wallaroo (Mscntfnf# rd&Rjfn*|__ 1 

Ctn*t etsj tADRirao | Mur-run n ■ ^E. 

pua*e*j| __ 2 

LaiL#ai-cju £ MOBtipiu rw/u#) a 

Wytuhaf i I'htwcultitni/t I 

CAJLMVUIU 

Kariiafc Wr rrriwi «lrfrfsn«forJi »— 2 

A links PculEimda l^Jif if ini* I_ 4 

Itafctttlt bear (LYiih <f«IHU—-- l 

Klddcr'i bear I J-Vdifi tirideri) —— 2 

EufiiSNcsn best (tfnM arefml-„ fl 

iiriulj bwir Itfrsifi kwrilittv}—--- 1 

Apache jjrlHlf (^nui afw^r|».« 1 

11 lr.i .1 Lit v~q it Imir Wr*un fAsiirltf 1 

Ill-net Iw/ir |f,Vtu 4 aflim«iiy)„ nn 4 

ClnniiMit ktr #v*rinMt 

ri ri m lp in □ m .um) —--.-— 2 


Ulidtr hciir Wrwnw rMPW^nvTEJ_ 1 

Stolh bt’nr iwt t 

Suu bwr \ HflqftJtj* rtaJLipjiJiuVl , J 

fuHr L4 «if 2 

ninra fCYrnfi ^ 1 

firif ffLhlr , < 

Titrtbff wolf CCflnf# uwtf™fsili*)_ l 

Ilorlil! wofcf 4 CbaI» jf^HrfaiuuL^Jl 1 

T^isai rird weJf (t'dait 1 

roj-nle (ruHis 7 

Hybrid eoj-dte fcCaial# iefrdiu rt/mL, I 

I'alirijrfllip rojote {CuhU o^rcpiri}^ T 

Hlnek-bflL-kril jfttkal ll'alib mr.iu- 

Ui-il fi>5C ObljM-1 __— 4 

Kilbopmn Ibi H utfKJ eulpri|__„« l 

KU rfli (! J KfjKi —__, WTT _ T 2 

ftrijr Cui 4 tfrccvON etiifrfya^cii- 

frwi) _„_„_ 2 

filianb due-*: t/cfieifUB ?rmitev I 

caron-bdk (Pd-HUi-^Tii asiiiiN!)_ 3 

T J anda U^umi • ■ j 

lEaeroda lufur)--__ 7 

FEurlilfl ncrotitt to tor i. 2 

(Insjr rontEnannil! (,Vdi^ ndrlM)._ 2 

Ktnfeajsm iPofn* 3 

Mvxh-iB k Ln k-nJo ii (J^^i Jforst^ as* 

(fflWi) -_._,_____ _ _ l 

Awrtctl hat i’*rf \Tvi-l4rti 2 

Fturlrtu alter jLikl ro».'jJrm*4d rapu)_ S 

lilftflr f'-mtiT'ii fern-E <Maiirl4i ni 

pHjietll 1 

I 1 ! Hit rliet i J’iJrddoj-U r\U hfrmiptiro* 

dituai 


a 
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JUld-WDir tPrfittlm 1 

Sprat E«l hjTan (Cwiilg crmruloj ____ 1 

hjfrDft iJfjritfid t 

Alritmn rfjilHilb iAcfmnwj/r jutwlllui I __ '2 

tJ*» iFelt* l«) - ,1 

Tkrii itjl! Uk*'P (.Frit a __1 

UAnnkiiiriiin lE^r iFrlis tigri* iun&lpi 

fi* j _„„„„_____ . , 7i 

J-HNUimnl | fVU* JUsrlil)^_ 1 

JrtEiaar !»?!* aftea)________ I 

s*r*al t F*U* irrral) __* _ _ I 

DnilllllU OK-ifft I Fill* pdfd^ti* brntdir 

mill)___1 

^udw liupar.l (J-'Hl* uncTdi 1 

JJc^J^O ptj.mii i FtlU azlcruj _ _ 4 

AlnuulAin 3 Llui i Ft Mi JWpj»r£*ta«) _ 1 

Canada Ijrnr iLy** *attfttauftf} _ i 

Northern wiii! Pftt f Ljioj uliila) _ __ 1 

lEn* 4/.-VIU rv/ui|_ T _ 2 

Clouilrd (»i-.]Hirii itftQrdi* tifjdisi T „ 1 

rnsmwmiA 

California wn lUrn mUf^r- 

HlriHU#) __ __ . . -_ 2 

Han fjphitiltttp Jiirbor wenl tfP&OM- 
rkhimfJi ^naiil»nd{t} _■ ' ■ ;' 1 

BUniTTIi 

‘iVaeNlflim'Sl i Ifunwo-ra __ 31 

rrmlrl* dutf t (.’irttf "n if* lurfouiefiiii ■* i _ _ an 
I'nmiK-on m&dmA (.X'rtfii nwr FtrfyuriH. ■* 

i'tTtJuC'ji imulm'l (h'dim yrtfibjriU- 1 

Hrajidnnip s^iLlm t rur (h»CA(ir> _ 1 

A [bln ii *|ulfH (flrfppu* rtf rDflftrtuli (■ _ :i 

U*lif]f’i porkrl may 

AilUrj^i) „ 1 

WLIt^kritiH Ih'ScU mD'iM (Prromjw- 

EH* — —_1 

fefftTff {Cc4ttor Ar»dd(!H^i, n 

(Inuihtiiper muni# itin^uE|i# Uu ™ 

VMxtur) - . - - - -- IQ 

Afrli'rth ImlfUpIfl? \Hv*lrif gfHtWdUi- 

Irolfr'l I 

Malar jJarcuMn# UmiIMbw brwhyu- 

---- , __ a 

ThN' pramxpinf irmpnrft.il ptfrA-mrlJiaj _ 1 

Wttsbra. pureu|Jnr \Krrthltw r-ptonit- 

f blffa l __- _._„„_ 1 

VL«-’di:ba 1. l.agu* tawi ui ErirA^iurl ^Tej^] _ 2 

ObCnl Amtilnu imrn ^ r '*«irutuM p*ii\i 

V JPVJ^il - - . . ■ _ _ » 

Bj;.ii|M 1 £fr*|jpre<rfcl frtfrfalMtfl- 1 

S^pfefrd U|iiJ4t1 I fJnUl^jiri-TlH pilftf fb fii 2 

otfi’juM mqrt;).. i 

Trinidad ab&u ll 4 li4ijrprKT4 rvbraid j _ & 

l>]lr.iw-ifi|fjj]S^l njTG 13 EE 

lilHfpi- l 

Gutat-j) pip ITaifd ponyflii Kf 

Capjbara I M iNlrwAimii 2 

UMliWFHA 

PdattHc rnblidr (Orlfffd/^n rvnic*. 

1 uj| _____ 

IfttiWCTlltilA 

KnrPiH'an b^rl^ptMiic i Krina^tvw riiro- 

--- . 


rELI MATES 

Itlb^.fitLIn,! [rtLiur {Lpmur citllrt)_ 1 

IN fmatPil fnimr ruftfrm*) , I 

Qray ipdd^r un.ukry (Afrl'/i tm toffrvyi ^ 2 

H^xkan nr^l*f meakrj U^Im hw- 

tolm)' — I 

Wbltc-tfaMtrd eapudiln U^ba-« oa^u 

rlBNlk ; / ■ • ; ---- 4 

Wt^pEae cagHschln (CVfttf# npflk).. u l 

lEriawn {rpfina fd(urri««| n :i 

Oiiliida NIkxit] [ TAdrapHbr (*»i c6- 

&ou nu ) _ I 

(TbdrilMi iFupte jjrjn-JriUJ - I 

Anublii IhiIkkjh (Papin cetibDC fjpADr4*i_ I 

Lnut Aifrkuci baboon i J J npiVi ftnnifiU 1 

Ambl40 btbooo JPUfifa 2 

Mandrill fl'ufiEm - 

Drill fl’Fjp^o IruTftp Airif#}___l 

ilWiMfliirmiBP ppinuj. 2 

liarktnrr nfte ftWraii«*t._2 

Jininm-Bf" innra^uf rAfdcui'n fuwttlm _ :< 

HS-IhIImI Hjuhbrjf (ifdPi|Pd nrmr 

llPiNfl)__ I 

Jiumti'Afl bsnt-3ij«e iJ/uauoo amdaMtm- 

wU)- -- l 

Rbraua wankty (Hy^ipu iAfflu}^ R IH 

Uonni't iiLunkfrj' (Meam JEmirtf _ 1 

PhlilMilia^ nini'n^ne lyrCelirdl 1 

JtiTHti nim'mun l HOT(f(U)_ "J 

lUack naDp^ | (T<vh^ N qierH- 

ni) ^i-1—_ t 

WntrEj HUintfBbuj |()|rnwdbl{t /wf%lNd- 

--- 2 

itajgiPBbeclc'* manpfulw-y (I'rPi^iY^u^ *it- 

iTPM^fcfl ._ | 

WIlU III mij | |L ml IMIip^ 

f 0rVid til I M . _1 

fireeu icnruan tl^p W m etVHnchUuy^ 2 

Vrn «;t gii i eh "Ci. (!.d*toj>yi’a p^ir 1 ii ro | _ 1 

Ifgbd ftitttnb (Lwtt mjtjjflfl moAa\ _ , _ S 

lie Flmixn'fl Kuraaii (L a i i a p p p rt 

_____ _- (, 

i-riutir wlili^ mlfnbn iLiaitop^d 

^*'f«iin>iij,i _ j 

rblmpasiM irun j 

ABTU 3 DAPTTLA 

WIIlI Lour rNuj lertifd).-— -- l 

fiiEldA^l |M^i-nor ilVnuri iw(/w bi fNW) „ '2 

1111.'[w|Kj 1 m niirp (Ufppij^rtHifi 

iUM} - rl 

Qnelrkk c*m^3 b'flfldm btf^frJjnui p . a 

Anblnn nm^l If'djfirfwi eJprimnlm-riu ^ 1 

(liMUcv ELdnid ymipirmr } _.1 

Untua i Ash a yfomal__ _ _ _ <j 

lEf’ljitlCf r ittimfjifrr lardpififi _ _*_ E 

F^lSuw Jn-iir IDaffld ifnpniii _ y 

Ails ilH+r fArlr _ 2 

Uui? d<KT (/fyrfdfiftH* p(?rrfinn). M ._ a 

^ainEar l^iuR «ttlr§ldr|^ _ ^a 

DiLrn. B lij|L'lia (JbtHTVif t| 

liuHau w l fiMcCrnt ffWft)_ _ | 

IflhftiMW diI .Vila \-j. 

Urtl d*Pf iOrn'M# EtipAm). _ _ „ 13 

Knltlntr ilwr (f 'm# J j 

Mfihb! fturr (CnTill G 

Amrtlraa elA £ Pcrvus raiwdr»i|i|_.__ i 
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VI n2 Lfilcs 6m ^ OJfl ruEJe'y j v Irjjin fu n 11 L 1 

19 Frj,-Ii4-C iVdCCSna uf^rDrEf)____ % 

ISh'ati^Ss i u J Milj IJ^ch-p 2 

IV h I tc-tfil I oil ffii o {E\nrt0dihirffi £ni»ii. t 
Brlodld h'CLLL i<'i'ihji4>rJio , j‘r* MuHai*a)_ I 

Leehvre i On^Irnfiua JrdPfl),™ -I 

^figwM ■Ipci'l—1 
iHHlLrtta aMcJo#* cr^cftprst 4 

Amblim Kiud]» iGasvlln f 

NP^al (£ai£lApAH| t ru 0 y£\l M pita 4 } _ 2 

Grraabok (Qrp# ouzel!**} __-__ i 

E imt African ^lniuf (fkmfmpiid en/r 

fault p. ...___,_ I 

UCiUntals front ( fJrrfl PM H N* OittiViCJ- 

Talir Ulemlfratni* pmUthicuM) _ H 

Aiplua ibtx IC#pru fbctfr—- . 2 

HEj« 3J1 tOptfl i 

AmiiltLil irrrial_, 1 

Ikttiqr ISmiNCnlii [Oi'it runaifrit- 

*m -—-, 1 

ArtaiUi nuuuifalu mbvrv (tfri* enp 
uJ ril* i« r/ullJdp'ift |._.„. 1 


RATIT-E 

StwjLb Afrlrnip fiptririi 

■™»*» -1—--_- L 

Stoma El Usd f^trh-Ji iFrmJAla nfoFpMo- 

ji JUi'rii ji__ a 4 

NtihLnn Mtjieb {-VtrirrAto can r to*) _ v 1 

RUri i Ultra Kinrrloi H «) - __ _ 1 

Bcliilvt-'m VM iwdwary Womu&Hh* pk± 

Elilti {Drominciu* S 

Kiwi l,4^rrff inunl«fEi}_1 

cicoxiiKonura 

Aipc-ricaU w Elite peUotJl (itofefcHiwi 

rrv*AfWibyrtCA«)_-„_ _ _ 7 

European wblie pellc-aa i I’efercni uc 

____ 2 

Bimeuto pelican tc^cm)_2 

Australian pelican iPcfccansi cwk 

ijffr'tlfrpJ ui >_ _ n _2 

ficisTTn pellran (PcJc^pm fterldm- 

ffll*#) _ , __ ___ 3 

tlfllJfiifiilia br&wQ ptlkaQ ireJecimu# 

cuHf &raton t \ , .. . ___ __ ,g 

FlurEiia tiOiWMMlt (PtalfWAMffU 

rlur Ifufl- jrfui^liicTPIUi | , _ B 

tfnra1 will I? heron Mrtfcu 

lalli) *. - „ „„ 2 

lirpgU liltir tiHTi 111 {Anfca Jii-no.iftaj}-.__ 1 

Gwlilstb heron iArde**. —_- i 

Aim rlcau rfitret \CtUmrntflu* 2 

BlddE cnmui’d ufcht heron (.Vycfleii- 

rar h^rfioira# turHuni__ _ _ ; _ 32 

Whiff stork (CIcoKto **«■(■■ —- 1 

^lodt Jturk i; £ Jeon I* »Jpru} 1 

Hirabaii ilork l rnimml 

---- ---2 

(bdlah jibLra (I^isrlpicAuf y«l4Efa:M^ I 


AluuHut) iQvit 4 

<»rv. cilani] jciu^t oi, (pPrift^a m nrcAafw* 

SEcliia iBo# ■ ■ ■__1 

Yik \ _ & 

Americas Kbun tRiwW h^n\ _ 15 

IdlLIh [(. Iiij fTitlg ifiiiiHFlH- btfW)_ _ 3 

riatte^oiiACTTi,A 

SfiiEay tapir I ^aplmi I1 

IlnKlIliiD laplr (TuiHcv* terte-frti>__ 1 

Fnird# tapir iTapirtm 1 

Irrarj'ii b'brn prrrpi;!_ ___ I 

Mni.rirtpw hjtirhi (Bfiiiri 

____ 1 

Sr^hnUM hybrid F"rjf(-n*f- 

I^OilDSCIBKA 

AbyHlnLin ekphimt i Lm iiJpjHd afri- 

can* fljpotia l __ . _ „ 1 

Siimatrai} flfplunnE l^lcpAaa 

to —. —--1 


WntKl lljla ! Ufprlci’pff dfflrtirtintfl 4 

atrftW’frpt4r*d 11 .Ei *p£*\i. 

callli) - i 

Sacred thla (fAriffliDniii irfAi^/jirnf i _ 2 

iHotk-JjH' J ill'll LI hi a l 'JViPj-Hi-Jcir-tH j pit- 

EumripAqEl I) _^_ JI 

AfUinltlS I Mb \tkremkIomti nricH- 

White III im iQmra «lfr»> __ to 

Scarlet IbEn i nurro irulral ;j l 

K7uro|i£Hii C|4J BUI n jrro rPlUnv^pfrn«c 
rurm)_ l 

Asamtvxmysju* 

MilUrJ Mum pUtpfktmckfj* I_ T _ |3 

Blielc iluek CAmh mbripfi]_& 

Aitsir.n31ruj liTnck duck limn tipcr- 

- 1 

ffiulwall *(rrpm**) _._ 1 

Fnlcalril duck lX r HJif;ttd i 

European tsStlRficip {Mnnva ptnc* 

fepc>--- 3 

Wtei^ Jl/drrtd H 

Orocu-wLaKed teal {NMim earn- 

___ , it 

licdoiMfln I ml (AVIripe tffWfll™™- 4 

Baikal ti-sl itftUto* formtov m> _ tl 

BluiH»lfij*Rl ti-al I y«cp nJ*i i'u dU- 

tfnrki - - - -„ —-- 1 

iiPirgancy (Q u^ucdMJd y MJ-ngeicrfy Es «. -tt 

rtUpvnk-r l^rulu rtjFprafn}__ _ 1 

rifltall IJ^jAFw pfiratfli ____ 111 

Bahamau pEutall | Pvt'tihwm ha- 

Aawcftrtfl} _ _ i 

WimmI duck Idle ppanedp__ ItP 

HandiriB tint If i fu-ntfrrmr hu EjuJrrl- 

Criltit*)_ 12 

f'BnvAaback lJ luHffl e uliwimrrte] _ i* 
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ankuaTj kefoet smiHSDSus iastitlttiom, ims 


Rur«ap*'iiu |n>i:!iiN CJfdHlId f-Hiitij .. fl 

kinlbmil <Afdrih| a*JErtiKi(ifl)„„__ It 

Hiiiji ntHlftHl i3m‘fc iBfirii^i wiltari*} 2 

(luck I. ifnrtla 1 nr|^..ri4n> . _ I 

Lfr#fli?r li p rluck {Iffirtila »T)7TBfpi__ rt 

dm lev fi*ritLE» durfc i i SI 

iiysj-hlliiki tinrluiFil * JJVffrjritfNii $■■ 

jy*wWl .,_____ 4 

EsyptEan (CAcnoSo^v-* ttj/jptf- 

ri'-ir* ■-- — ■ - 3 

Upland pH'-hp iVMuvrtuitw ^'yctfp- 

Urtwullim LJtKMfl t ^chvcA^b iiI<jJ- 

__ . , __ 2 

HhttW i f.'fM u Al jU‘JF J! ^ |r T^IVP Si__ * 1 

fjmivr iitjcw ( V*x* hirpvr- 

tcmii -—..... 2 

Rim? ItVM'M ixrrUiMf -iii> J5 

WtiLtfrfnnti'it (^►om i .Inner trSN- 

-- --— — 2 

AiEwficnn frSiii- .frnhT« ii i^ovt l.lHtfi 1 

i iZM/ra»t tfiWlbeil i & 

Hi'fin b^hm- Ukwr jTBhqEfji! ___ 2 

K 'J Dlt-f- 1*2 Ml \pn =tf i A nirr h rur ^ i‘t i'j im- 

lUf kJJI u . „__ _ _^_ ___ 2 

JI*Uvta*Aihit O-lulabin Indira!. - 2 

UttBEHlH iirmni* > — S 

Mu4 cIlIC ub's ^W'tuE ■ i : ffli): 14 ninad# i;.fM 

huk/ifHifl) __ (I 

White I-L^'ti'ii ***!£ ( iJ ■ -J *1 caJKNfi n- 

I if pcriiJnitilJEf] -- - - - 12 

Ceicfcllbf: e*” 1 "' IHrunlii mat uifr n*ia 

Brant (Fnnii &crnicFd jfittn wj/iufraf- E 

Rarimde tftm## itfrsHJia lru<ti)-iiij—* fl 

Hpur-ll fcftgBd U^fEflrciptcryf j?ur®« 

bttLiif} - I 

AlufrtiVj duck (raid a* I 

I k |r4 gLK*iii MiHTdiint 2 

111m i^k ■ Ui Illd.J tTfefi duck (drmlrtwuyptu 

il y f vrattrtlf i [ ------— „ & 

E$"tuh‘i IXm fitlrU illcflrfrwf^tia t\i* 

Mule hwh□ (Ctfppiwa tfih&Eul — — —4 

Trumpet*/ mh [tif&r tar.tfiiiijurj- l 

OSb^is m-asi M'iittinptt* tftfDia} - 

rAHD0MTQk31f3 

diUf&rnln <*md&r f (?£tiiji£u/£pi ctf/lfdi 1 ' 

ftlqnupi --——- 3 

Turkey fUlUitr WathmStv aura I 3 

Btnck ittltiif* if ortip^j erabiiU,,- 1 

Kin (j vulture papal. 2 

H&rrntiirjF bird (fla^Vtdrfii **t 

riTfia*} . ..,., - — --— i 

Grlffun Vnllttif —-- 1 

A£rkan black Tiilnatv I r«^fa frncA- 

rH&fuflJ -■*—**■— — 1 

ClD«rniU» TULlmTr mOAq- 

eAnai ---—.. ~ 

Carflcin cAmiieOFJ——— * 

rtids rC/wtiCttf flHifiwJ- 2 

(kildvn CBgl# 5 

tiite-bcLtied wa e«El* I I'naCiffluJ fw- 

Ba]d easlfr {HaUmstmM |iuiiipc€pAd£ipf 1 _ lu 


AllBbLan mill eflulH- Iru^- 

f'-rpAatiii ntMftiiaii -. -- — 

i irflfiur iiufia i IfffQlurnpi nrmiifn- 

fUJil __*_~. 

tlrmii-wKn^i^l iciwk < Nutra j-i.'.il j.'fjfr- 

_ -__ _.-- 

H^U- tJLl EiphI M ft i Hm Pro hup * dJ la K - — 
F'liniiy fttlr^n ifaHoMirur «r i wiff*r- 

J_ — - - — - - - ■ . ..... — 

HlMJTUW hawk xf-rthur ipori fj im" 

OALI.iftUtSJt.y 

RBicir-blltAl c%mp-m*r t Mttn pi 

I'curhiiip- { i*evlnpt --- 

Vfc tld Tisrt-y (JifJfiFc/ri'f r;ai*apiM& 

Vnlliirlne ifLilfti ii /-'wl i.ii-r^Uluw rul- 

I WriNlf M 1 __ . - - - —-- — - 

IV’nJTuwl *nL*i(*Jfl* I --— -~ 

rintfcck placaaiiiit IPvIfpltitirQ# irtt*sJ- 

*tf trtmw | — ' .. -_... ... .- - 

Silver (tfranvirj nveifr* af- 

ntfj - -- - -— 2-i 

Li^r &mb*TMV* pteejuumt {(?fcnr«^ 

jjAu* aiaJs m l/ir ) - ———-- 

RKd^liKK^l pbenaant t Phot torn lof 

Eurepta ^nail {Cutitmir epivntUjf — 

J1 :J Dr:UTSi|D qnail | f‘rri/La JT I-- 

^a.2ljL-Jt'a l|IEll] f f vptUrT lyj* ydJM hclJiJ _ 

VllllJ qi |[L Ll iLv§thvrtrJr eufifurjTirti 

e-uj'J friJEd J_ _ __ 

Ch ulear |Mrtrtd|r i nrb &4 u r ,\ __ 

ftcBlifi! tm all Ct-nl^4>cpli| 

i|unJI i Vi/ri^ny* montemna^ 

fMumnmm 

Eafl I nil La si linlllruu-- i i'trrphtfviD rtfR 

l uk^tco [Fwphitrt# *t<mlrvl\— — -- 

USnm-trtHtHJ uioor-hi'u 

ezh l r all* i --- — 

Amprlckn cowl {FaHca wiriefliMil- 

Mflalh J^Lutui rail ({trudranuj 

ntulrulif}-—-- mm 

Short-wlfl^d W?k* {Oetfdrvmui br#» 

thy# fcnui) _ -——- 

Su ii ■ I ti tJi crane (ffmi sw i-. r^nitsi |— - 

iJUln hr^Wtt crmsti lEJrwj *1* *} _ 

Sum# cran« ((fra# c«|iiflrlsi | 
White-n*wk4jd crntie i (In** I^titiurhcu) - 
|tiilian WbUe CTPBE (Gfh« Irufr.yi r J- 
N y ■ ) - - --— — -— 

LlLfpnl'a traui* l^nl — 

Aij.tI ru Li^iEi c^iiue i.Grm | ___ 

twaiolKrJllr CTffli- 1 .Hljftp Lipnldt’il L'irjJoU 
I ’rflWflfd cmn^- (/lakdrtat P<? l anJlMl) _ 
Hop {/i'ApiMi'Arfut fihllmj ... - .... - 

CIlAKAIjRI iron ires 

ItulT (I s Allfl put Am pvyuQt}- m ; 

iVtfitrJlHA *dnrlla*| — ,-,_ 

TidlOW-wantrcl lupwliMJ l^o&trffNr'JIm 

Arawlnui tecum plover i F/Jdie- 
ihtbuj biir^niir 
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RuftU tuil IffEibltutu* —— I 

firm I IriaclMMicfccd gull (Lari** 

Hami) „_ _ __„- 4 

TlfnlQjE glllf i Lai'U .j ryL J! Inf u * ?- ft 

ULilrf £sl 11 | J.uruj nJ. i el Ti« tfdEJm-1 . ___ -1 

LuigiLlng pii]| u^ant* oJrfriNg^ - - 

Crwriud ilCMtb iQwtrm OTPMfaJ- —* -t 

Wfolda cniffiml pAtfvaft (trowra <He- 
f«rtsf __ - _ . _—_ — 1 

^liiinliAii ntitirl pl^egp i Ortf\h(tp* 

|<jjjJny|y* V _ , --- - S 

Hroi sw* wSii£ pl^up ti'Fntp* rJtafarip- 

- - -— 2 

Main] n!=■ Kan d4i,tr (0a&fcufaiiib« rwfie- 

Bl^tdlns’- bear E d«*T« (fltfirSoc/upiite 

-—— - 

Wood e>E|£ uou ((Tidttinfd jrp Tm ei H-ujh i 7 

Manrulnff Jove {JV^oIrfarii eicniirt). 1 

Wti Lie Trained d ptd t, JT<f ptftjfJlij fair!* 

icnlri# bre^h yplf rei* - - - - 4 

tluddjr quill-doec {OrtQpcltila wtm- 

fctrsii) ,,_ ___ ___„ _ 1 

dt>ve t^ptlirjnrlffl Hyrfnd U-- 4 

KtEiril dOTB (Qr'ipr'liti jtftafrl)___„ 3 

Uar-itUiHildcn'd hKh'l? Aipur- 

i 4 (Lw j , _ _ „ _,____ £ 

E n c,a dote i Her- rd* fetlv l artf i_.__ — ._ 1 

Cuban Ground dnvc (C ?hrfmvr(>rrfa fiit j-- 

# i* H mi uKcnfcJii) _ _ __—_ 1 

Grnr&-w|age*J di itr lt'Jmirr r jrftdp* !*■ 

l/f«l > -- -____ I 

III used iiirth-duTt ifflrGptQ peJio d 
jai'iuJ_ _ _ - 3 

Fruit pl#rvu ifaiMf rtfirrrvn tujtrr^ul- 1 

mrrAcmmim 

Krt l AVifnr ptild-bti Ei > ___ _ 3 

Mud 3urtif4L 10Juj*0plifts cwvJtiPid I _ 1 

CoEtatMl mont * 2 

lEuwdle p&efcjitiMi iAdJtulivd midla' 

Pitta}. ___ ifi 

Bfljv-syiil cwksitro lAaiafoe vv#t- 

LaadbeateFit raeldtuo 

CrL u JrH ) 5 __ _ _ 2 

PdltipjilHU COCkatTO SA^tdfS-C hirmfr 

f K-roppyla |_> _—_ I 

WbU* corkB.t'TMi i AdHata* alt-d ) — t 

fculpljur-miEed l £*£*£*« pal* 

Great m^emted guckJitiM (ffafentuf 

MO Jurlf AM [|| n_ ____ 1 

Oaulo'i nineflw {Arm HrMlIll) nvn - 1 

Mifili-au gram {Ara wejicdlift)* 2 

Srvtffi ftni-jw Umi wrerfl} r „- 1 

Blu^aod-jellov raaCaW i.ira AHew- 

-r.- . I mi y, t 

llrtj-and-bEue-and-jr I Kn« RUI£AV jirfl 

Haho i macaw | f Hop* [Hard hahnit —* 1 

WUtHJld paroquet {Amtim#* Iri- 

cgp^lbuJniHJj - *■-■--■ — 1 

?«!i i puriM|iiet i Rvnmi$tuta iU-aiga- 

Ictrieli - — __--’ ^ _ n , Fj 

Golden -crinsneil puoqlict IKapeillula 
PMriflO} --- S 


WedridJ 1 * pnroqiji't vr-J- 

mm- _____ n 

iElbj^ hvIp^nI par*utkt i IVilfiSi^iJo pit*- 

it 

CkiUlen swirrujuiit (AmlKfHi pfnv.pna- 

T*i'[ paroquet (ftroloyrk 
tjia triift-■«■] ti- I-II JillPOQUfiit i ttrti toprrll 

rJUrlHI — — ^--.-- 

Ydknf iiippd parrot ^ .-iusaruira aue*. 

fUtirtutl)} --— - -- 

Mwilj parrot iJwitcohji _ 

UJHIij?^-W ilijCerl £iiLrhi| (.1 irftfcwnfl bmU- 

Bld«NfMUted ptmt (AfH£3M aUftn) . 
linl frowned parrot vtrtUl- 

DuUtile ^irllOW hidilfil pafrfit iA rflltJOJiiJ 

Ota trLf} __ ■ '• ■ h _ _„ ___ 

Yidknr-bH&ffl] pamrt Ktniii^^rtrB ocftr*- 

Active [harruf fiMaroit# friMva i__ 

Li-rf^r miiJte- ffiibU'tl parrot i.tJtta^orta 
fl.JM|ron« Bcmrt) r ' , ^ ,r"~ 

SxuCo Dueu'Lijjsii- purrut Umi.'ijh^ if#* 

Uu&iiii parr hi i_4bi acona ifitt^tphaia) ^ 
3JntlmlHAi]'i [uirrot iJ^cihph fnuaiJNl- 

N4RI.I - - - - 

LjiifcLjp 1 parrot {J'ftifiu rHicu*| —-- 

lilLi^twadwl parrot U'tawfiL* m***tr*W*l 
AUAAaulun cxJqcw menihfr 

Lifcju r vaul pcLTKit f Corar^p jA» <ilyr«r). 
GMlc-r TMft parrpl (trprocpjuif 
lkd-f£t‘H] Jovf EiLrJ (A^opnil# ptl- 

---— „ - — 

r&tdjppfa paroddet e I c* 

Itoneiu panMjVet (Jiiili^ETiVM# eal»£u*l 
Is LacRr-mill'd paroqUrl tFolplWb Bifiu- 

n ip i u. i ._x. ■ x___ I 

KJii4 paroquet epaHo^ 

PpyfliB} - 1 

LTJnjMJi-wlBtfoil pATOtltwrt i, ipro* ifticf «a 
eryf ti Kip Ira«t F 1 

ItLp^^iKiE^j [mroqpiit |f/aflar«* fer- 

pilLLIUJJ — — --- - i 

Sefsaleae [urH^t iU.vHmrmm afj.H' 

IgNtie)_..._ 1 

PblUppInit Emu parrot |Tdnp[m 4 lAu* 

_■ V" ' ' ‘v 1 

Qmm [uif ix|uiet uiufa- 

la ma > ______— Ad 

UVGVUFQEME& 

TurPca. tthlJLHlwfe iTifPugiJ* rp. > - 2 

COiUUlllFUltMEU 

GLabt kUOjfflabiT t/tflorfa _ 1 

Yrltuw-blded barul-LH I f^jpAiHTa'oi £tfW- 

ftmtf Jijj j_ _* 1 

Mmpork a»l noiit+ue- 

randlir} i_^ . . _ _ _ _ I 

Burntl ow| rcri«L-,r-. d 

Flari&fc Iwirrni gwl ttffrij firtt attmCU J 

ftdowj owl 1 


M +: tt u li F- u tf »- e a ti a u y O *4 n 
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S^reHh flwJ {Ot** mfal „__ 4 

Urrnl hqm*4 g*l ifr-u^a rWli-J^ini i _ f 

KtitfI p gwl I &h Ad fra fm) „ I 

J.miTl«in hum n*l i Tpto prrlatm pm- 
riiiroliai _£ _& 

I ' A t?-H Cili lU It U. Kfl 

IffnpIrNUi nv(oilp>„ 1 

K|!T*T*nrciJ tills til Ntf/Xu ur^rfiidivnj I 1 

Ki>lflUkiJ hlll-Elt Iwfnri] H 

rsitlL'lc-KflrFn"tnt (.Ml 5hI[lif ■ Ihnull \ifntrU- 

ifU jttrfmjkl ___ _ __ _ __ 2 

WbltgHcaml bulbul (OfraM^da len- 

raflij_ _ „ ^ 

frulhul (tfforaunp ju 2 

Eel repea t, Ji^ubhlrJ * Turtle* inrruM). 1 

yiwilJlghlni |Jf ihnhh* pa r|r.i?Jfi f f it# k T 

llplntf Cftiur pbrllcp ( Ovmtorli'f hu If. 

htfllmfr - - “J 

Eure-pHm ritfj) FCtnnla cisnirl—^-. 1 

Anwriftii m^p KViruf wnu *ina 

□ fifcO - - ’ _ 5 

AiifttrjiHnn «w ffitorrttp wroildftffl*} __ i 

AimTlraa cfqw h ObffiU ItarAififtpR- 

rAari _,_ ____ _ 2 

VtlntiU JJlj (Otf*£ldpfkl fWH|U|fiBl) u I 

PNc jflj ItninaWrra ttbtat*)- _ a 

Qe™ jay < .rdwMiiprB Tuvdm) _ g 

Vrll^w-Li’pd^tl inin9i bird (*4 fjrJrJsifj 

irfi^rtpfto]ii|____ _ | 

AvuSthHuh irniy Jumper | tflru (A bird 

oinmfll _ 1 

MUrlEnt (.ATiiniuj rulfriiffafr _ |) 

KMnLufl vtarllii# (JUmprwfefiw mitat- 
Jiepij _ _ „„_ _ 2 

&Jirb mttarn)_ 2 

UJue ImDejr ftfrMTOfu vv~ 

4i|fhlj .. ___ __ J 

BLd^#|q(i;i) tarmr^r rTViaei/nj 

iml -----— 1 

P]ue ruiaew (TAftmpLi diB4|^._._ 1 

ilbLDi whydifa (£4airepurta ptfofaij_a 

1*11 HillsM!* hy dab {Hit l' 4Jiuni pJrJdiiH u) 2 


atiaft-IiilH wbydAb [funni^ rrpU$\ 1 

Hapalran weaver if J'pmflirfrmu n/raj__ ] 

li&3 MllrAt FCBT^r (pUflnJ *fM r fi'll .1_ l 

!ti-ii,.jir , i l * 1 

Wrnvtr fJ^itaiifl m iJnlupfl*- 

A'-dKrwjtlfli)-____ . _ l 

Hta licit'Tw wixblll \ iiMMo 1. i 

It^.rutmieil wax(i|]| iEpfrtMd rftnJv- 

PVSHai --—--- - 1 

Sutmfc^ff BBHTh i&firiFlii T „„ 3 

WAtlc UMdCil nun IJfawid ma/u)_ 2 

■tS;i i-lt - h im d mJ nun I If hr fa ufrtrajriffa) _ r. 

ChMlnut-bhfAHEM D&di (l/linkt ifdji|41- 

__ 3 

jfiTA nu^b lifpjiti ori^Fflni. _ K; 

Hrf1i>nI Kraiwflu-th iPtn'frhitii prrMa- 

finfdl__ ____ _*_ Jj 

l-l-u ^n,iMinn nndi tr^vhito 

m wf Jiff >- _ _ _ __ . ^ .___ 

Hpil#rsrt , h1 OdiLldltl] ilticb 

ik (rob Flk } ----- T -- _ _ 


l>inn:uml Hui-li (ffli'puHnji'Erara ^iiriurd} 
7+:br* ntic h ( fptblN«(ij) n 
t l u Cl hran r fl n r h | t m arffm fom-fa id 1 
llefl-bi'il ill'll CIju-Fl i.lMiJiJiijn fry (A i in 

erptota). ‘ - 

JiocKtrtl eirluk -- 

\>3[jjw-Ih1Ip 4 orltiln inriij. 

PdPldfll ,_ 

Purptr frai-kki (Quini aljii ^kitjJn i.. 

!IPi.-’b if'hUrU ci|g1 r ii| _— 

VrNrnpran isciM l9i □ i^i (Cur nr t- 

ifUfUjil______ 

liraua tilth Amrln ( ^p-Eit u nii^y |f/r in • 

piUa p _ 


I 

i 

1'. 

fl 


Wlt&wbfinimpr i fid«ffLg vtirtncti*\ _ 1 

Ifoude fl fit'll iwnvfHIlflBi 

fromtiuui ...___ 2 

i?4tt Loai bd«i 0 flneb 

«rX{sii<ii rv^rrHBUif) _ 2 

^nniTT MiiDrlrii!_|[h 

Omj HlllMLlif flurh friii'dlijl- 


RE :niLF_fl 


AH tpa lar iJINrHflgr wMi£i4(pf>(^Mi*1 _ 
Water dr^an i F&pxitfnti (Abj fniHrarll) 
Ucrufti toaa wiiilMink 

IrlMi iWllit ((IjiAFlfllJ'B# iTAlraFitL., 
CJITu monjitcr I Urlmfrrmd tupfliami . 
fTrjuNrs znuiiEtar {I-antMin goutdli}^— 
l p hllfcfi[itEjd luabltor f roriiiiu# rvlra^r] 
DlnrhluuiftjMj LLpird £Th2kr«d idh' 

. ..... 

Hurt pfttlohi i rpthun iKriJu^M+lh 
H^l jiylhnn jPflAM nfbniFgfiif)^ 

Ahi^UilA I A'unft'X"# Ik U rill u r (__ 

is*d tunvtrkdor i^PniMri^kr e^i*- 
ifrfafflr)., _____ . . 

Ulae rac^r ^nalrirtur /fqrf 

imUrfii _,' ■ _ 

Pgu rh w h I [h Hiwk^ iCdlHW tfutfc Jlit«i > _ 
CfaK^lt'O KDubih UfinpAr fvijtiriL-tlfal-O*. 
Com ifciafcr EMUpAp pnJlulaS 
i J ii-lut bldtchinnle fEtophtf uh tub la ) _ 


I^IiHi Hiiakip rl J J4ud^Ara m.tl4 nnkdfi #j p „ 
Hull wke (rftnd|r4(j 
WrtlijFa bull innkc iPiluophU qaJn- 
nifer) __ 

Wnlrr iB4lr« (A'rttrir *ipe^r>n)- 




Wmixi wnbT Make j.Yaldj ip|n-Lfri?t 

fdffridfa}_ _ 1 

IFnrfpr nua%.v i 7 lan^AFir tirldilj|_ I 

l-'IdlhlA rei i tltd:anke EOro/dJM dJrtiKiin- 

Crtfjy__ b 

Wk'j(<-rn iKatngbd rntUtbLnako iCinEvlu 

_^____^_ 4 

^nn|jpiQK turlk' CIJAeJ^Jrd *erp**tinti} S 

b'lti cidn BUnPrliilC tarll? (CTcli/Jni 
u^.-ti>3a i ----„ 1 

lL 4 tHl£Q D a d l Fbniiplaf turlli 1 iUhetWi** 

rri 14-(gnr.RJ| |......__. | 

ilUdk tuftk- i ii friyjik rihc'ili 4dtrr#imM}— | 

Mu*bun mupk turtle (A'inbilrm-Dit jb 
Rarlrau)_._ T _ T , T „. | 
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South imcriciui (nu«k Mnle 

jtfrmoifc Aeorpioidf * I ___ .. 5 

^rfilspjFtTinln murk tirtJs I tf1*NifrniflPi 

_x.~__ 2 

Vm»i] lurlle |C?Wi#« OM(i^fi)__x S 

Eum^fln pund turtle JflTwiy* erfetat- 

Iflflal _*_x.__& 

KfriiEh Arntr In a tttUptu i-Vi'r^irin punf- 

ficfarfek _ _ I 

Rw^w turtlm 4 fjft^rftiiriijfi rtvrwi).- I 

turtle {Oh rpvnrti 1 * % 

CftOti t {P*tvd4rmft* ifripla} «. __ 2 

1'i.utral A eli'.’ tJ*i ti cvoltr {Patudcmjft 

_______ - 2 


Statement of thr collection 



|i>n.| * 

ni T .u 

H«ElUl» 

ToiflJ 

i’tc&afilfel.,,.. *....' 

B 

N 

M 

lift 

Rnrn nxiil fani.ebf»l [□ Na< hinsl ‘gU’aJ PnJiE , .. r 

H 

■/B 

74 

Heedvpj 3u rutisay;*.. ...... 

2 

13 


|i 

.......... 

M 

Vi 

ft 

M 

Tfan^left-p-.J Ftntfi Oi?viMT]mni]C dtprairciPDl^. .. x.,xx,...__ 

| 

11 

1 

13 

Di<EKrt|ii>i t , . .. 

is 

ia 

A 

H 







USD 

IM 

44 

m 


<«opht» f In rti> I h# W*?fth f.rUk fi itlypAc m u* I ” 
Dunotu Island lurLDli^ CjV;rilaii | tf tphip- 

pCvRA)--, . __ _ _- _- - - 1 

ImSi'fiUJriilfSp E-pJaqiI HirlrelK*" {Twind?* 

pgnYrk'i -— ---—__ T 

AlhctP-arrm Inland EortoJw l Tr-tlvd-o 

ScHlth A SMffctUl I or I cH-w i jTi-> f *i i/o dew- 

I«ruluf<i> _„_„_ _ _ 2 

AfHrmn l4Hl»l«a (Tc^Kif'J R rniHi|Jin(| _ J 

IjattlMrcrftnl lurtla |i t Ai'^cNii4 Juii-..'i- 

opEWfK —„---.--_ I 

CSiki™ tadio t Dtirwrheh** 

iari*) ---.x — 1 


ipumn 

Anluiqlw fin lwmi\ July 1,1^24 _ _ _ , , | ^ L | L u ,„' ; kl ;, J, 

.Irrtwpjfid" durfue the pmr _____ __ _ ____ 342 

TotHl nnJmntrt hmidled _______- _ . _J.SST 

tH4iJrt Ida (hy datht return of inlmalfl, fend eicliaja^p ___ BflT 


statu* of eaUeoiiem 


i ? Ul J fl 



Spec taa 

Xmllfld- 

tua 

M rdltthil* „ „ TI _„^.... 

J7B 


Olnli.x. u .x - ----- .. .... . _ , 

36ft 


BjfpIC'Hi_^_ — ..— .. .. ..., 

i*i 

1m. 

TaLbI . ...... .. . ..._,_ 

ftii 

4«to 




Compared with the previous year, a decreasc in number of indi¬ 
viduals is shown and compared with 1929, when there were 1,708 
animals in the collection, n still greater decrease is noted. This is 
clue to continued tosses in the aging stock, especially among the 
larger fur ms. The number of forms represented exceeds that of 
hist year, an increase clue to judicious selection and purchase of 
small species oUennl at moderate prices. 

Additional funds are urgently needed for purchase of animals to 
fill the steadily increasing gaps in the groups of larger niummak 





















































98 


ANNUM, REI J 0fLT SMITH&0NIAK 1NSTITUTiUN, 1925 
YIEOTJB8 


Hie attendance record ns determined by count and estimate es- 
t'eLHled that of the previous year by T5$S5. The greatest attendance 
for om* iBiMiiE.li iv m 372,050, in April- The increase la highly grati¬ 
fying as it indiL-at^- the keen interest of the general public in the 
collections, 

J he attendance by months was as follows: 


Jutjr__ ___ 

_„___ _ __ 

^ fc jitembrr___^ _ 

Octob er . _ __ 

NdTeiuber, __ __ 

UecenitMir,_, _______ __ 

January-— „_ ..___. 

flebniurj„. ____ 

Majgfi,_ __._ _ „ 

April___ ,, 

Hay_ „ r ,___ 

Jnnp___ _^ 


24». 700 
324.000 
232,725 
235,000 
27S r aOO 

3T.1U> 
121 , i m 

24 S, 200 
372, 

200, 300 
200,0ft) 


**■* for year ------ 2,iJlS,2TO 

Schools, classes, and similar organizations, recorded among the 
visitors, number 260, with a total of i20,S!>0 individuals. 

fill" highest attendance for a year recorded previously was 
2,444,880 in im. 

tllfEOVEMEIfTS 


'1 iie animal warehouse, 24 by 00 feet, with a small ell for a feed 
mom. the construction of which had been begun during the previous 
year, was completed and put into service before the end of I9£f>. 
This building is very useful, both os quarters for animals tempor¬ 
arily not on exhibition, and as a reception house for animals just 
arriving where they may rest before being placed on exhibition. It 
w ill aLso useful during the winter in storing birds which are ex¬ 
hibited during the summer in the big flight cage and elsewhere, and 
for which there is no room in the bird house. 

A double bear cage of steel, each half 12 by 10 feet, with con¬ 
crete shelter, has been erected to take the place of & large wooden 
cage that was decayed beyond safety or justifiable repair. 

The log dam of loose bowlders across Itu«;k Creek at thy head of 
the American water-fowl pond to maintain a How of water into the 
iwnd. which had been repeatedly washed out by floods, was replaced 
by a log dam faced with bowlders. The logs usd were obtained 
fi oni diedltmt trees in the park that had died from bark disease. 

A concrete chimney was built on the restaurant. This building 
Stdl coeds various improvements, especially the addition of a kitchen, 
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as wdl its an Inclosed room where visitors may lunch comfortably 
in cold weather. 

The bird house required repairs* as usual. Some of the cages 
were in such bad tondi[ion time they hud to be entirely replaced. 
A new Hour was laid in the feed room, and various minor repairs 
made, The roof leaked badly and will require treatment d si ring 
the coming year. 

The eland house, the ftfebm house, the fences about these, rub¬ 
bish containers, outdoor benches, various in closure fences, and other 
ironwork were painted during the year. 

WATER MAIN 

One thousand five hundred and eighty feet of six-inch water umiii 
was laid, ami two lire hydrants installed, through a special ap- 
propria Lion of $3,250, supplemented by f unds taken from the general 
appropriation, 

XLKIJS OF THE l‘A t£ K 

The need of the park for exhibition buddings is oven in ore acute 
than in previous years, as there has been tremendous growth in the 
number of visit ore and there Is need for better conditions for exhibi- 
tiori T The most important and customary buddings required by a 
zoological park are: Carnivore, pachyderm, primate, antelope, small 
mammal, bird, and reptile houses. Of permanent structures^ the 
National Zoological Park has a primate house* i\ house to contain 
one elephant, and one end of a carnivore house. All other build¬ 
ings are old, without except Ion origimdly built as temporary make- 
sliifts and kepi together only by continual and often expensive 
repairs. 

The building that shelters most of the birds, built 2S jttti ago, 
was then In tern led to house the col lections for three or four years, 
until a suitable bird house could be constructed. This structure is 
dark, with walls so decayed that they will no longer hold pebble- 
dash* and provides entirely inadequate space for either the collection 
of birds or the great numbers of visitors; it is nut only unfit for its 
present use but actually unsafe for its inmates. 

There is uu house for reptiles, always popular with visitors, and 
none for small mammals* Such reptiles and small riiLiiniimhi as 
are shown at the park are scattered til ki ill in places where it is in¬ 
convenient to care for them, and where in some instances they 
actually close the passages needed for visitors. 

During n period of £5 years n collection of attim&ts has been 
assembled in the National Zoological Park which ranks among the 
most notable in this country* Adequate buifilings to replace the 
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present obsolete quarters should be provided lo house properly the 
Living animals, to maintain them in health, and to exhibit them 
to the more than two million visitors who come annually to view 
them, 

FUNDS FOB THK i’UKCrrASE OF ANIMALS 

The collection at the National Zoological Park is augmented each 
year by various gifts, and through unusual success in the breeding 
atid rearing of animals, the park has lieen uljle to exchange speci¬ 
mens with other zoological parks so tlniL it has maintained a rea¬ 
sonably well-balanced collection of the living animals of the world, 
always lacking, however, representatives uf certain Important and 
interesting species. For instance, there lias never been a giraife 
at ilie park. Hu re is no rhinoceros, no pigmy hippopotamus, and 
no Indian elephant. Such animals as these, when offered to the 
park um not be considered owing to the entirely inadequate fund 
for the purchase of animals, and opportunities are frequently lost 
to till definite gaps in the collection, as well as to replace species 
lost tlirough death, by the purchase of most destruble animals that 
are offered for snip. 

An increased appropriation to . over cost and transportation of 
uni mala has been requested, but it seems advisable also to repeat the 
suggestion made in previous reports that an animal purchase fund 
be inaugurated and deposited with the Smithsonian Institution. 

HEvwnna uf thb fa an 

A zoological park itself is not ex pet: ted to finance the refresh¬ 
ment of visitors. There nre in the National Zoological Park, how¬ 
ever, as in other parks, a refreshment stand and a restaurant which 
are rented to private parties. The money from these concessions, 
irnder present regulations, goes to the United States Trcasury and 
can not be used for the park, although repairs and other costa in 
connection with the restaurant must be homo by the park. It is 
earnestly recommended that the revenues from the restaurant con¬ 
cession, which serves only to benefit the public, be turned into the 
animal fund of the park instead of Into the general fund of the 
Treasury. Such is the established practice in other parks, munici¬ 
pal and otherwise, which often derive considerable funds for the 
purchase of animals from such concessions. 

Respectfully submitted. 

TV. M. Mann, Superintendent, 

Ur. CiiAJiiif.-s D. Walcott, 

Secretary, Smithsonian Institution. 


APPENDIX 7 

REPORT ON THE ASTROPHYSICAL OBSERVATORY 

Sik : Tile Ast rophysieal Observatory was conducts under the 
following passage of lhe independent offices appropriation act ap* 
proved J umj 7, ItfcM: 

Asir<>[i>i^lctl Otmcmbr;; Tor malDtenaaei* of (tin Aklropti^ct) Olwerva- 
,or >- oe'lvr the direction of the Stomuoalan ItiHtitiitlnn, Inclinllnt: sadgtanta, 
parehaae of nceenutry t*« lk * 1,1( ' pertoClcals, npj^rnttLs. muklui; necessary oh.' 
wcrvudnivi In high aliiriiftee, rviwlrs and nlternlVnut of trail ilinj!*. a«d ml.rvl 
taneons cximilvi *, fJt.SSO, 

1 lie observatory occupies u number of fmine structures within 
mi inclosuru of about 16,000 nqunre feet south of the Smithsonian ad¬ 
min],"trillion building ai U a^hington, n eminent observing station and 
frame cottage for observers on a plot of 10,000 square feet leased 
from the Carnegie Solar Observatory on Mount Wilson. Calif., ami 
also a solar observing station on .Mount Hfirqttu Main, Ariis,, creeled 
in liWtl at the expense of private funds contributed by Mr, John A. 
fbwilling, of Uernurilsville, N. J. 

Thu present value of the buildings and cquipmcnl for the Astro- 
physical Observatory owned by tins C in vein men t is estimated at 
if-(0,000. This estimate <'mite lit plates lhe cost required to replace 
the outfit for the purposes of the investigation, 

WOJiK OF TIJK VKAR 

SotaT variation and foneastiHg.—Th* chief object of the work 
at present is to secure the most exact measurements of the variation 
of the sun in order to provide proper data for studying the influ¬ 
ence of solar changes on weather conditions of the United States 
and the whole world. Accordingly, the efforts of the stuff were de¬ 
voted mainly to this purpose. The Government appropriation? 
were sufficient only to main tab the work at Washington and Ari¬ 
zona, and to pay salaries of two observers at Die exceptionally favor¬ 
able station at Montezuma, Chile. This station was established in 
HH8, and has been maintained ever since by private funds of the 
Institution, supplemented by gifte of Mr. Roebling. Owing to fur¬ 
ther support by Mr. Knebling, tt has been possible to receive dmlv 
telegrams reporting the solar radiation observations in Chile anil 
in Arizona. These arrive at Washington within 21 hours of the 
observations in the Held. 

70041—20 —$ 
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Tlit’ ujitHiDfiilil forecast* by Mr. II. H. Clayton for the city of 
New York, mentioned in Inst years report, wore continued. For 
this purpose daily telegrams of the condition uf tin? sun were .sent 
from Washington to Mr. Clayton at Canton, Mus. These usually 
readied him before noon on the day after the observations were 
made in Chile and Arizona. Making up his New York forecasts 
for three, four, and five days ahead, Mr. Clayton informed the 
Smithsonian by letter on the same afternoon. On Friday of each 
week he forecast the temperature departures for the ensuing week 
beginning Sunday, and about the end of each month he forecast 
the temperature departures for the ensuing month. These weekly 
and monthly forecasts were also mailed in mi ranee to the Smith' 
simian Institution. 

We have compared Clayton’s forecasts with the events, using 
mathematical processes of verification which are not susceptible of 
personal bios. A moderate legrco of foreknowledge is certainly in¬ 
dicated, both for the specific foraalsta of three, four, and five days 
in advance, and for the more general average forecasts of weeks 
and months. 

On May 2. 1925. n symposium on this subject was held at the 
United States Weather Bureau tie fore the American Meteorological 
Society. At that time. Messrs. O. G. Abbot and H. H. Clayton ex¬ 
plained the status of the measurements of solar variation, and their 
applications for forecasting, Later, these papers of Abbot and 
Clayton, and also u paper by Mr. G. Hojtmark, on the results 
reached since 1922 in the application of solar variation for official 
forecasts in Argentina, were published as Nos, 5, 6, and 7, of Volume 
77, Smithsonian Miscellaneous Collections. 

The costs of telegraphic advices and of Mr. Claytons computing 
bureau have been twrac 1*3’ .Mr. Roctdings gifts for these purposes, 
ns also the cost of publication of the papers just mentioned. 

Xo public forecasts have been made or will be mode under the 
auspices of the Smithsonian Institution. Otir entire purpose in 
the matter is. and has always been, to make such experiments as 
might indicate what value, if any, would attach to the introduction 
of a new- variable. namely, the variation of the snn, in weather fore- 
vanning. Oar forecasts arc made privately and only as tests of the 
exgjeruucntal conclusions. 

Unfortunately, space w riters in the public prints have not under, 
stood this and have attributed to the Smithsonian Institution fore¬ 
cast of weather conditions far into the future. These, in reality, 
have been made by several private individuals entirely uu ronueel vd 
with the Institution. We lake no responsibility for these prognos¬ 
tications, an we know o* yet of no sound method t*y which they may 
be made. ' ' J 
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A compilation of all results on the solur constant of radiation, 
from 1018 to November, 1P24, wo* published as No. 3 of Volume IT, 
Smithsonian Miscellaneous Collections. 

1 he investigations hitherto made having indicated that a higher 
degree of accuracy in our solar measurements is needed to supply 
proper data for forecasting purposes, a very great deal of attention 
has Wn given to the elimination of small sources of ermr in the 
observations and reductions of solar radiation. Already the average 
deviation of individual days* results between Chile and Arizona is 
hut one-half per rent. It follows that in order to attain higher ac¬ 
curacy we shall be obliged to regard sources of error which formerly 
we supposed would tiJ ways be negligible 

This has led to the designing and construction of new apparatus 
for use in pyrheliometry, which eliminates the employment of the 
observers watch altogether. It has also required the investigation 
of tlje infra-red and ultra-violet portions of the solar spectrum, be¬ 
yond the usual limits of our daily spectrum obaenations. .Still 
more important, it has led to a complete revision of the methods 
of measuring and reducing solar energy spectra. With these new 
modifications in mind, a complete re-reduction of all solar radiation 
work since the beginning of the year 1023 has been undertaken, anti 
occupies the whole force at Washington. 

Removal of Mount Utm/ua Haiti utation^ The station at Mount 
Hanpm Hala, Ariz., first occupied in 1020, proves to Ik* too far to 
the east, so that the summer months there are unsuitable for ob¬ 
serving. because of the atmospheric conditions which go to bring 
about the severe thunderstorms of Arizona. Very few days of June, 
July, and August have Iwen suitable for our exacting w ork, and even 
some of the spring months have been marred by long-continued 
haziness. Had weather conditions there been first-rate, the ob¬ 
servers would gladly have suffered the excessive isolation of the 
place, which is almost wholly cut off from relaxations, but to make 
Huch a sacrifice fruitlessly is indeed very depressing. 

Accordingly, investigations have been made which have fixed on a 
belter site, both an regards weather conditions and comfort. This is 
chosen on Table Mountain, within the bounds of the I/>s Angeles 
County 1'urk, about 30 miles northeast of Mount Wilson, Lying on 
tbe edge of the Mojave Desert, at T^OO feet elevation, the weather 
observations indicate very decided improvement over Harqua Hala 
for our purpose. Add to this the convenience of access and pleas¬ 
ant surroundings and no have combined there great advantages. 

-Mr. John A. Hue Ming has added to his already great gifts suffi- 
cient means to enable necessary buildings to be* erected on Table 
Mountain, and to remove the observing outfit thence from Harqun 
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link. The supervisors of the !jos Angeles (.’nuiily [’ark have cor* 
dially assisted in the transfer, giving rights of occupancy, ami ex- 
ten ding the auto road quite to the doors of the proposed observatory, 
without expense to the Smithsonian Institution. It is expiated to 
occupy Table Mountain beginning ulanit October I. 1SJ2&- Mr. 
Moure's energetic efforts in the preliminary arrangements and the 
preparation of buildings deserve high praise. 

All expedition Under Doctor Abbot occupied Mount Wilson in the 
.summer and nut mini of I1'24. The solar cooker was rebuilt, as far 
as concerned its oven, its circulatory system for hot oil, and its m- 
Mihiion sjpiinsl bent losses, The new oil system was perfectly sue* 
crasful in avoiding all leaks, sucli ns always hitherto have marred 
the operations. Also, the introduction of a larger iwervoir, and 
especially of **Siloed,” or diatumiuvtms bricks, for heal insulation 
proved highly satisfactory. The cx[mri merit was tried of intro¬ 
ducing forced oil circulation by means of it little steam engine 
ope rtiled by tile heat of the reservoir. This worked well media id¬ 
eally, but proved unnecessary, as no higher temperatures of the 
<>ven were reached when forced circulation was in operation. 

It was intended to use a vacuum jacket about the heater tube, but 
the apparatus was not received in season. Without this crowning 
improvement the solar cooker worked fully ns well as in 1020, when 
Its reputation was first made, despite the fad that somewhat thicker 
Insulation of the reservoir is needed, as the cooling curve slimes. 
When this, and aUo the vacuum jacket, are applied, the machine 
d«>nId lie highly satisfactory. 

As noted in last years report, the Fabry type of apparatus has 
been installed on Mount Wilson to measure the quantity of atmos¬ 
pheric ozone. This feeble constituent of the very high air is, we 
believe, very important in the economy of the earth's heat, os well 
as a fatal bar to observation of the most interesting part of the 
spectra of the sun and the holler stars. 

Having fully developed and tested the ozone uutlit, photographiv 
solar spectra of the ozone-absorption region of the ultra-violet ire re 
obtained in August, September, and October, In fort mini cl v 

the great forest fin* cast of Mount Wilson cut ofT a good many other¬ 
wise favorable days, By the generosity of Mr. Burbling a copy of 
the Moll spectrophotometer for measuring the plates has been pre¬ 
en red from A. Hilger. The reductions are not yet made. Mr. 
Ilf hidings interest in this ozone research is re great that bo has 
made « grant to enable Doctor Fabry himself to continue daily 
ozone measurements in France during a part of the year 11125. 

The importance of studies of the variation of the Jim's output of 
ultra-violet rays grows upon our attention. > T ot only the attack 


8KPDRT OF THE SECRETARY 


105 

on the ozone problem in that spectral region, but also the extraonli- 
na<T relations of the ultra-violet rays to human, animal, and plant 
physiology are coming increasingly to the fore. Our ()W n Judies 
indicate that the solar variations are far greater for three rays than 
they are for the solar rays as a whole. Thus tho accompanying fig¬ 
ure indicates that when ilie solar constant of radiation changes bv 
I per rent it means almost imperceptible change for the infra-red 
rays, but as much as tO per rent or more for some rnvs of the ultra¬ 
violet. 

In addition to the work ril Mount Wilson on the solar cooker and 
I he ozone of the higher atmosphere, much attention was paid to 



attempts to improve the radiometer and the stellar-spectrum appa¬ 
ratus, in the hope of going much further in studying the energy 
spectra of the stars. Much knowledge was gained whirl) will Tie 
useful later on T and star-spectrum observations were made on sev¬ 
eral nights, but no actually completed advance in stellar spectra 
was attained. The way, however, is very dear now for future 
advance. 

PEtisossnn 

Mr. H. B. Freeman accepted service on the private Smithsonian 
roll as assistant at Harrpia Ilala in September, 10*24, and succeeded 
Mr. L. B. Aldrich in charge at Montezuma on March 1, Mr. 

Aldrich returned to Washington. 
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Mr. E. E + Smith was employed on the private roll os assistant at 
Harquii Hals from February 9, 1925. 

Mr. A- J* Abeam assisted Doctor Abbot on Mount Wilson during 
the expedition of 1924 

-huhnahv 

Much progress in the study of the variation of the sun ami its ap¬ 
plication to weather forecasting has been made, as reported in pub¬ 
lications Ko& 5 t ft, and 7 of Volume 77, Smithsonian iliscel- 
Janeous Collections, Improvements in apparatus and methods de¬ 
signed to as Id to the accuracy of solar radiation measurements, and 
to make possible a valuable revision of existing values, are on foot. 
The station at 1 hit 4110 11 ala. having proved somewhat disappointing, 
is being removed to Table Mountain, in California, about 2,000 feet 
higher, but much more accessible. The sol nr cooker has been greatly 
improved. Measurements of atmospheric unone ure in progress, 
Xrw devices were tried in stellar energy spectrum measurements and 
the way seems clear for great advances hi that line. 

Respectfully submitted. 

C, G- About, Director. 

Dr. Charles D. Walcott, 

Seerctunj. Swdthmnhm Institution. 
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REPORT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITERATURE 

Silt: I have the honor to submit the following report on the up* 
elutions of the United States Regional Bureau of the International 
Catalogue of Scientific Literature for the Bocal year ending June 
30,1925: 

As has been stated in previous annual reports, actual publication 
of the catalogue was suspended in 1021 upon completion of the 
fourteenth minimi issue, tn conformity with an agreement reached 
ul the International Convention held in Brussels in 1922, the work 
of this regional bureau, in common with others of the organization, 
has been continued but Ik confined to the collection of the data neces¬ 
sary to index the current scientific literature of the United State; 
for the several years intervening between the cessation of publica¬ 
tion and the present time. This procedure nut only enables the 
organization to be kept intact but-, when publication is resumed and 
the classification schedules arc revised, data will be available to 
complete the catalogue. 

It seems advisable to again outline the aim, scope, and need of 
the catalogue in view of the fact that the many new projects which 
have sprung up in minor fields, lacking harmony of purpose and co¬ 
operation of eifort. have, even when taken collectively, entirely failed 
to supply the need of an International Catalogue of Scientific 
Literature, 

The catalogue was started in 1901 with the aim and purpose of 
meeting the long-felt need of scientific investigators and librarians 
for an annual authors' and subject catalogue anil index to the scien¬ 
tific literature of the world, a need felt even more to-day than in 1901. 
To thU end, systematic dnssi Beat ion schedules were prepared cover¬ 
ing all recognized branches of science and each paper was not oulv 
catalogued and indexed, but also classified by means of these sched¬ 
ules, the result Wing equivalent to an analytical digest of each 
pajiei-. 

Financial support to enable the organizutinn to properly function 
is urgent. The amount, required is not great, measured in present- 
day terms, but is none t.ho less essential. Between 1901 anti the 
beginning of the war, necessary funds for publication were supplied 
by subscribers in the countries taking part in the enterprise. Only 
the actual cost of printing and publishing had to be met from thesis 

tot 
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funds as maintenance of the several regional bureaus was then, as 
now* provided for. in most cases, by direct governmental grants* 
However, the additional funds needed to meet the increased cost of 
printing and publishing, under war conditions had to l>c met by 
the subscribers and these increases when expressed in the depreciated 
currency of many countries, resulted in impossible figures; couhcn 
quenlly, publication had to lie suspended. 

When operations began in 101)1* the price to snbsmbers of a 
complete set of the IT animal volumes of the catalogue., com¬ 
prising alxml 10,000 pages, was 1*17, the pound sterling bring then 
at par. The American subscription price was, after adding ship¬ 
ping costs, $SB* The income derived from subscriptions and the 
exjtenditurcs of the lAindcm Central Bureau, in charge of printing 
and publishing, approximately balanced in 10I-K when war began. 
Since that Lime publishing costs, in England, have doubled and 
the value of the French franc lias sunk to less than one-fourth, 
and the Italian lira to less than one-fifth of their respective par 
values. Without tabulation, it is obvious that u cost easily borne 
in these countries in 1001 has: heroine ini[K>ssihlc in 109, r u It was 
never the intention for the International Catalogue to he u com¬ 
mercial enterprise, hut rather the means of furnishing, at cost, to 
investigators and students data needed to keep tliein informed of the 
^ientifte progress of the world. Experience proves that inter- 
national cooperation is the only means whereby Lhe necessary data 
can tie collected and prepared for such an Index, but it is now 
apparent that some new source of revenue must lie provided to print 
this data before publication can be resumed. 

Could a sufficient endowment be obtained, the organization would 
again become i?elfsupporting, m ibera is now a greater demand 
for the catalogue than ever before and a central bureau provided 
with its own publishing plant, or capital sufficient to make advan¬ 
tageous long-term contracts with properly equipped publishing 
1 louses r would Ije enabled to offset the increased cost of publk'titmn 
by the saving of the interest and other charges, which were neces¬ 
sary in IJHH to an organization doing business without capital. If 
it were possible to secure such an endowment in the United States, 
now the only country not unduly oppressed by the results of war, 
American students and investigators would be much benefited for, 
notwithstanding impoverished conditions, much advanced and valu¬ 
able sclent die work is being done abroad with which it Ls difficult 
to beep !n touch without the annual volumes of the International 
Catalogue. 

Respectfully submitted- Leonard C* Gunnell, 

Asmtant in Charge. 

Dr. Charles D. Walcott, 

Secret ory i Smit hson ian fnsti tut ton . 
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REPORT ON THE LIBRARY 

Sib; I have the honor to inifamit the following report on the 
Activities of tin* library of the Smithsonian Institution for the ILsuol 
year ended June ISO, IflSG, 

CHAKUES IN STAKE 

During the year there were several changes in the library stall. 
Mr. Paul Brocket*, who had been connected with the Smithsonian 
Institution for SS 3 -ears nud had served since 10 CQ as its assistant 
librarian, resigned to devote full time to his duties as assistant sec¬ 
retary of the National Academy of Sciences. Mr. Brocket t*s suc¬ 
cessor, Mr. William L Corbin, formerly professor of English in 
Boston University, assumed ihe position of librarian on Septem¬ 
ber 15. 

Mr. Newton P. Scudder, assistant librarian of the United States 
National Museum, retired from active service March ft, on account 
of age and disability, and died May 19. Mr. Scudder became con¬ 
nected with the Smithsonian Institution in 1S82, where he remained 
for more than 4tl years, the last 38 of which he was assistant libra¬ 
rian of the National Museum. Perhaps never again will the 
Museum library have as its reference chief a person so fully ac¬ 
quainted with its collections us he was, or so willing to give of his 
knowledge and time In those who came with questions. 

Mr. Lester 1). Condit, assistant in the library since 1 !H 8 . was 
grunted a furlough in October to resume his university course. He 
has since withdrawn from the library staff and the position was 
filled by the appointment of Mlsa Sara L. Young, a graduate of 
Elmira College and of Drexol Institute Library School. Miss 
Young has worked with scientific publications for many years, 
especially as cataloguer for the American Philosophical Society and 
the Library of Congress. 

exchange or publications 

The increase of the Smithsonian Library is due chiefly to the 
exchange of publication* between the Smithsonian Institution and 
other learned institutions and societies of the world. Many of 

too 
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these publications come to the library direct, others through the 
Internalional Exchange Service with which the library is in close 
cooperation. During the past year the. library received 30,490 park- 
ages by mail and 2.408 through the exchanges- Especially large 
sendings were received from Barcelona. Budapest* and Warsaw. As 
usual, after the.se packages hint l Mien opened, the items were stamped* 
entered, and sent to the appropriate brandies of the library. The 
large number received was due partly tu the special effort made by 
the periodical and correspondnnee divisions in noting wants and 
writing follow-np letters. In fact, most of the 1,181 letters sent 
out by the library hat) to do with there wants* The result was that 
of the 2 T 478 missing volumes and parts requested, tfj.HFJ were ob¬ 
tained, a gain of nearly SO per cent uver lai-t year. Exchange rela¬ 
tions were abo opened with a number of new societies. 

MMX UHhaht 

Many of the items mentioned above were, of course, forwarded 
day by day to the Smithsonian deposit in the Library of Congress, 
where they were made available to the public. The number of these 
was T^JST, of which there were u*l84 complete volumes, 1.421 purls 
of volumes, 300 pamphlets find 292 charts. Documents of foreign 
government, mure or less statistical in character, to the number of 
7,408, were also sent without living stamped or entered, to the 
document division of the Library of Congress* 

Dissertations were receive!d from various universities at home and 
■broad, such a^ Basel, Berlin, Bern, B redan, Copenhagen, Cornell, 
Dresden, Erlangen, Frankfurt a. M. f Freiburg, Ghent, Giessen, 
Greifewdd, Halki, Heidelberg- Helsingfors, Leipzig, Leyden, Lund, 
Murbu rg. Fa ris- Pc n nsy I vai i i a* Strasbourg, Tubingen, L' ppsala, 
Utrecht, and Zurich; and from technical schools at Berlin, Delft, 
Karlsruhe* and Ziirieb- 

omCt LIBRARY 

The office library, which includes the publications of several 
learned societies the aeronautical collection, the art room collection, 
the employee^ library, and various hooks, chiefly of a reference 
nature, in the administrative oiliees, was increased during the year 
by 312 volumes, u purls of volumes, and 4 pamphlets. Of there, 34 
were added to the aeronautical collection. 

One of the most important additions to this library was a de luxe 
copy of the Warner Library of the World's Best Literature, the gift 
uf Secretary Walcott; another was Seven Log-Books Concerning the 
Arctic Voyage* of Capt. William Seoresby, sr + , of Whitby, En g~ 
landy presented by the Explorers Club of New York. 
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The circulation of the library was 2,359, of which 1,956 were 
magazines borrowed from the reading room. Many more volumes 
anti periodicals were consulted in the reference mom. The books 
most in demand were the transactions of die learned societies, the 
aeronautical collection, and several important individual works, such 
as Combareflcs a ns Ezyies, by Abbe Breuil and others, a book finally 
assigned to the Smithsonian deposit. 

The work done during the year on the general catalogue of the 
Smithsonian library, which is kept in die office reading room, may 
be summarized as follows; 

Volumes ildiI puvpiiiets ■ctLtnlc^oofl ____ 

Volumes recatalQ4niiMl__.___^_ ___ 

UfcmrU cfttaltigovd _________ 

Ofiihcte tyjwd_ __—______ 

Library of Gattgrcss cnrdf* lllvti— _...___ 

New AEiElmrN ntltli-d._„___ 

MUSEUM l*| SHAKY 

The library of the United States National Museum contains 65,148 
volumes and 102,051 pamphlets, a total of 168,099. Of these. 1,45? 
volumes and 1,804 pamphlets were added during die year. 

While most of those accessions were obtained by exchange of 
publications, or by purchase, many came by gift. Among the donors 
were Mr. W- I. Adams, Miss M. LI. Ashton, Dr. Marcus Benjamin, 
Mr, A, H. Clark, Mr. F, W. Clarke, Dr. W. H. Dali. Mr. .T. A. (lab 
1 uglier, Mr. L. C. Gunnell, Dr. O. P. Hay, !>r. W. H. Holmes, Dr. A. 
Hrdlicka, Dr. W. It. Mason, Dr. <i. ri. Milter, jr. T Mr. W, de C. 
Kaveuel. Dr. C. IV. Richmond, Mr. S. A. Rohwer, Mr. E. V. Si mil¬ 
lion, Mr. It. C. Smith, 31 r. R. H. Swales, and Dr. C. D. Walcott. The 
gifts of Secretary Walcott to the division of geology and paleontol¬ 
ogy and of Dm'lor Dali to that of tnoliusks were generous, ns usual, 
the latter numbering t*7 ijtk#. The gifts of Doctor Richmond to 
the division of birds were also large. But the outstanding gift of 
the year was the entomological library, numbering about 4.500 
volumes and pamphlets, chiefly on Coleoptcra, left to (he Museum by 
the late CoL Thomas L. Casey, and increased by the generosity 
of Mrs. Casey, This is one of ilu> liest collections on its subject in 
the Unit ml States, and contains many rare items. It will lie made 
available to the curators as soon as possible and will be deposited in 
tile section of insects. 

In the course of the year several thousand cants of the Concilium 
BibJiographicum were liled, 14,329 parts of periodicals were en¬ 
tered, 2,623 volumes and pamphlet* were catalogued, and U.OOO cards 
were added. Books borrowed from the Library of Congress num¬ 
bered 1,628 and from other libraries 112, chieflly for the use of the 


_ 4,500 

.... 20-1 
324 

- 2 , 15 ? 

_1,078 

- 303 
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curators, and about the same number were retained. The loans 
totaled of which 5jEfil were made to the sectional libraries, and 
more than ever before to universities, such as Chicago, Illinois, Michi¬ 
gan, and MiimcEwta, and to other institutions, both in Washington 
and elsewhere. Many publications were consulted in the reference 
room, not only by members of the Museum staff but also by others, 
especially Government employees and sulmljxn* Conner End with various 
Universities and museums, American and foreign. Two hundred 
and fifty-six volumes were hound. 

The number of sectional libraries in the Museum is now &8, These, 
while under the immediate rare of the administrative and sdentiiie 
staffs, are at the same time very real and important parts of the 
general library and are administered as stub. Their resources are 
its resources, and their needs are its needs. And these needs are 
often most urgent — the very ones to which the librarian feels he 
should give his best thought and help. The past year he hm devoted 
much time to the study of these resources and needs, and to the 
solution of the problems they have disclosed. The sectional libraries 
ary as, follows: 


Adminlfiiratkm. 

Ad oa E ei L.^t ro 13 vt* n<^K *ta Hi'* oiliee. 
Amerleim aFehiHtb^y, 
Anllire|»lcij:j, 

Biology, 

Bin!* 

Botany, 
fidila aulurm* 

EUUgf ’3 efUe#!. 

Ethnology, 

Fishes, 

Food* 
iS oology. 

Oni[tfpc arts, 

Uhrtury, 

Insects, 

Invertebrate uaTeantolGgy- 
Mamuml* 

Marine- larerteljmn’4. 


Mechanical technology. 
Medicine. 

3^1 Etl^ ml technology. 
Mtnernla. 

Mflllsi fo, 

National Gallery of Art* 
UU3 World archeology. 
Organic chemistry, 
i J aiBd>KPliiny. 
Photography. 

Physical anthropology. 
Property derkfa office. 
Hi^iil] e-. mal batrncMmm. 
Superintendent'a oHlce. 
Taxidermy. 

Text Ilea. 

Vertebrate fuileotitAlngy. 
War library. 

Wood technology. 


TFOTINOIffllCAL LIBRAKT 


The feehnologirnl library, the division of the Museum Library 
which contains the collections of especial interest to the curators of 
arts and indiistrh^ is located in (.for Ohl Moseam Building, Dur¬ 
ing the year the rcqrgnnination of its material was continued* Its 
accessions numbered 152 volumes and 353 pampfdeta, mid its loans 
150. 
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ASTOQMlTeiOAt U«SKBVi*rnjIT LIBRARY 

Additions to the library of the Astrophysiea! Observatory num¬ 
bered 111 volumes, 32 parts of volumes, and SO pamphlets. Thu 
number of volumes bound was 81. Exart records of hums can not 
lie given, as they are included with those of the office library. 

This is one of the nioet important of (he smaller branches of the 
Smithson ]hii library and Is much iti use. Thanks to the generosity of 
a friend, its collections will be enlarged and made more available in 
the immediate future. 

BCJIKAU OF AMERICAN ETH1IOLOUV LIBRARY 

The activities of the library of the Bureau of American Ethnology 
are described in the report of the chief of that bureau, by whom 
the library is administered. 

NATIONAL tiALLLKV OF ART LIBRARY 

As the National Gallery of Art is housed in the Natural History 
Building, its library is at present administered um a sectional library 
of the National Museum. This library, although possessing only %L 
titles, of which 426 are volume* and 535 pamphlets, has iwon most 
carefully selected, and should grow rapid ly when given room in the 
National Gallery Building now in prospect, Its accession* during 
the year were 116 volumes, 478 parts of volumes, and 52 pamphlets. 

reran gallery of art urrart 

The library of the Freer Gallery of Art is solely a reference 
library, restricted to the interests represented in the collections of art 
objects—that is to say, to the arts and cultures of the Fur Must, of 
India and Penan, and the nearer east; to the life ami works of 
Jn[in's McNeill Whistler and of certain other American painter* 
whose pictures are owned by the gallery; and further, to a very 
limited degree, to that field of study represented hv the Biblical 
manuscripts of the fourth and fifth centuries, which, as the posses¬ 
sions of the Freer Gallery, are known as the Washington manu¬ 
scripts. All lawks and library facilities tire at the service of the 
public. During the year 200 persons availed themselves of these 
privileges. Most of the more serious students came from a distance 
for the especial purpose of studying various parts of the collections 
and the books relating to them. 

Thu library comprise* about 2,200 books in English, French, Ger¬ 
man, and Dutch and almost 300 in Chinese, Japanese, and Tibetan, 
with necessary dictionaries. In addition, there are u good many 
volumes on loan fr<>m the Library of Congress. During the year 
90 volumes and 127 pamphlets were added to the library. 
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NATIOXAL SSOOUKHCftL PARK LtMUKT 

Early in the year the cataloguing of the library of the National 
Zoological Park was completed, and its duplicates and other super- 
(I no its material were removed. I La accessions, including the ohl items 
which had fen in the library for some time but which had never 
been entered, wore volumes, 1 part, and 2 pamphlets. 

SCTitMARY Or ACCESSIONS 

The accesslnns for the year, with the exception of those to the 
library of the Bureau of American Ethnology t may be sum mar i ited 
as follows: 


Ufinit 

Vrfiisin 

Otitatf 
|IL| III U*- 
llOQK 

Total 

AKnurli^lfaJ OiAen'iEtHy ,, ______ 

HI 

in 

us 

Ff nr Q Jfl7 tif Aft, . .. t . 

M 

127 

11T 

XotEjiflAl Qidkr^ nl Art - .... 

118 

S3H 

fiAS 

ZwjLjefcniJ F&rta___ 

I7J 

3 

47* 

gwJlfcuunlvi llfTHMlL, IJ.bfATJ Hf Ctiitwi, „ , ... 

312 

$ 

? a 2*7 
J21 

finlUllAfl irian offltn.___ rirT „ , 

Ddilfl Slfcfa* Xitflnflitl MttsriUn . r — .... 

1.4.ST 

i.im 

a,iM 


Tula! ___ _____ 

7.7W 


l*EJ7 



An estimate of the number of volumes, pamphlets, und charts in 
the Smithsonian library (including the Smithsonian deposit in the 
Library of Congress) on .June 30, 1925, was as follows: 


Volume#—- - - -- - 507, 750 

Pamphlet* -- m. TCS 

Chart* -— ---....._ 23. -HS2 

Total -- _ - 008,770 

This number docs not iunhide the many thousands of parts of 
volumes now in the library uwatLing completion of the volumes. 


SPECIAL ACTIVITIES 

Besides carrying on the usual work of the year, the library staff 
gave as much time os possible to special problems, such as sorting 
accumulations of miseutlaneous material in different parts of the 
library; bringing together superfluous duplicates and separates to 
In* disposed of Inter by gift or by piece for piece exchange; inven¬ 
torying the sectional libraries; making shelf lists for the two divi¬ 
sions of the Museum library; advancing the cataloguing of several 
of the special collections, particularly the Iddings, Mill, and Knab; 
furthering tlie cause of science by making part of the Lacoe collec- 
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lion available lor semi permanent deposit with colleges, uni versifies, 
and museums | and responding to many requests involving reference 
work for various Government departments and for Institutions and 
individuals the country over* 

Furthermore* the librarian made nn extensive survey of the con¬ 
dition of the library and submitted a detailed report of its needs to 
the secretary. This survey revealed many problems pressing for 
solution, problems that ran be solved only by a libertd increase, 
over a term of years, of the funds appropriated for library purposes. 
These increased funds should be at hand at the earliest possible 
moment, to the etui that more than MHX) volumes may be bound; 
that more than &IJ T U0€ books and pamphlet*, including several almost 
priceless collections, mny be arce&doned and catalogued; that a dic¬ 
tionary catalogue of the entire Library (including the sectional 
libraries) T except, of course, the Smithsonian deposit, may be made; 
and that other urgent pieces of work connected with the reorgani¬ 
zation nnd development of the library may be done—in a word, that 
the rich collections of the library may,' by a more complete applica¬ 
tion of modern methods* be made available without undue delay to 
scientific workers, both in Washington and elsewhere. Then and 
then only will the library be ready to do its full part toward the 
increase and diffusion of knowledge among men. 

Respectfully submitted* 

WiLUAar L. Cuuiun, 

Librarian, 

Dr. Charles IX Wauout, 

Secretly * Smithsonian 1 nstilathn. 


APPENDIX ID 

REPORT n_X THE PUBLICATIONS 


Sin; I have the honor to uubimt the following report on the publl- 
rations of the Smithsonian Institution unit its branches during the 
year ending Juno 30, 11:125; 

The Institution proper published during the year 12 papers in the 
of Mis-udbiTseoits Collections, 2 unmiid reports and pamphlet 
copies of 48 articles in Dio general appendixes to those reports, and 
G special publicittium The Bureau of American Ethnology pub¬ 
lished 1 bulletin and 2 annual reports. The United States National 
Museum issued 1 annual report, 2 volumes of proceedings, 2 com¬ 
plete bulletin^ I part of a bulletin, 3 parts of 2 volumes in the 
series of Contributions from the United States National Horbaritm^ 
nmd till separates from the proceeding. The National Gallery of 
Art issued four catalogues of special exhibitions 

Of these pidilications there were distributed during the year 
171,365 copies, which included 262 volumes and separates of Lhe 
SiTiithsouian Contributions to Knowledge, 24,008 volumes and sepa¬ 
rata* of the Smithsonian ilLcellaneoug Collection?, 26*B&5 volumes 
and .H'parates of the Smithsonian annual reports, 6,103 Smithsonian 
special paid i eat inm, 104,506 volumes and separates of the various 
serifs of National Museum publications, 7,354 publications of the 
Bureau of American Ethnology s 114 publications of the National 
Gallery of Art. 68 volumes of the Annals of the Astropbyshral Ob¬ 
servatory, 44 reports on the ilarrimau Alaska ex [edition* 1,057 re- 
ports of the American Historical Association, and 1,435 publications 
presented to but not issued directly by the Smithsonian Institution 
or its branches, 

BttlTHSOlfXAN XTOOELT^NBOUS COLLECITONS 

Of the fimichsonian MUeelhineous Collections, volume CO, 1 paper 
was issued; volume 75, 2 papers; volume 76, 3 papers; volume 77, 
6 papers; in all, 12 papers, as follows: 

TOLU HE a El 

No. t. SmUfr^-ribin MrlnoroJoffksil Tables,, Fuurtli HcvL-iWl JSdJtlon, First 
fir print. Elrccmbcr 5 r 1024. irohl. iMflS.) 

' llfl 
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TDLU1IE 7B 

No. 2. Cambrian Gkwlepy ant] Pafcinitolw V. No. 'L Cambrian ami Lower 
nzurkinii TrllobiUHi, By diaries D. Wilcott July JP H 1024. Pp. S3—tlO. pis. 
0-14 < 1'ebl, 278S.) 

No, 3„ Cambrian Geology ami Faletjuiolegy. V. No. a Cambrian a tut Osar* 
klitn Trllpbllea, By Charles 0. WaJectL June l, 1025, l>. tU-l4G. pis, J5-21 

IPtibl. 2S23.) * 

VOL I'm u la 

No. 11. The Fresh field Glacier* Cnnrtdtnn Rockies. By Howard Palmer. 
August 2, 1024. 10 pp.p 0 pis,* 8 lest flgs. < IbabL 2751.1 

No. 12 H - Adaptations 11 to Social Life: The Termite s i I^optccaL By Thhtnu 
E* Snyder. September 2. 10(21 M pp. r 3 pis. . Pull. flTWSJ 
No. 13, preliminary Archeological ExpluratioaH at W«d*n Island, Florida. 
Hy J. Waller Fewkes, October 14. 1034 2tt pp r , 21 i>Ih., i test fig:. (PuhL 
278T** 

VOLUME tt 

No, l. A Chapter hi the H briery of Zoological Nomenclature By ].eonlufrtl 
Ntejuogtr. Aupwt m 1004 21 pp. (Pnbi. 27Sfl> 

No. 2 IxplormtUms and Field Work of the SmliJuroiLlan Jmrtttutien In 1024. 
April 17 p 1025. 136 pp.* m lest Utf*. < PiiW, 2TOI.) 

No. 3 Frortofunal Solar Constant Vnluf% August, 192u, n> November, 1024. 
By O. 0. Albi.it and Colleagues. February 17, UK®, 38 pp. r 2 test Og?, {PubL 
2818.) 

No. 5. Solar Variation and Forwiattttg* By C. G. Abbot Juno 20. 102*1. 
27 |ip., 18 lij?*. (PuhL 282,1,) 

No. 6. Solar Ilndintiuii nml Weather, or Foremuttag Weather from observa¬ 
tions of the San. By I t. H. Clayton. Juno 20 r 1025. 64 pp, 45 tcsl- 0^ 
tPdhi. 2*20. > 

No. T- £kdnr Kadlntlon non | the Weekly Wert tier Forecast of The Argent ine 
iieti^rolnqlcBl Service* By GullkimO HexmOrk. June 20, 1025. pp.. 5 
test Up. (FabL .2*2?.) 

/it at cfo&c of yewr 

¥01.L'ME IT 

No. 4. An Ihtrodoctkm to ihc iforpbutojiy ileii! Ctft^Undaa of the Fors- 
mluiferu. By Joseph A. Cushman* July 21, IP25, 77 pp. B 10 pin., 11 test 
UfA, (Pull. 2824 A 

SMITIIHONIAN ANNUAL REPORT# 

Jfpptf-rj /ioi 1 /ftB?.—Tlie complete volume of the Ann mil Report 
of the Bonn I of ltegeoLs for 1032 was received from the Public 
Printer in October, 1024. 

Anutml fU-port of the ikmnl of ft pm la of the FmliI onian InslltutLina, fibmT- 
Ijijc operations, uptbiUtOP^ and condition of ihe [uslltiiiion for ibe year 
ending June 30, 1922, xlH-551 pp r4 142 pi*., HKI tort flgurr*. (PoM. 2724 .} 

The appendix cimtnined the following paperg: 

Who Trill promote MeflCej 1 by C. G. Abh-n. 

ReotmE d taco verier and theories ridatln^ to the structure of matter* br Karj 
Taylor Cumplrm. 

TflCMl—20—p . . 
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^hi‘ Jirrhlttiiunf of idairm And si universe litillt of nti>uiF h by C, CL Alplnit 
Aeronautic research. by Jtwwpb & Atuu*. 

PlmiroyiLlheHl* a.nd tl» [Mmlble iifm? of solar energy, by EL A. Epoch r. 

Fog* ittul cloudy by W. J. Humphreys. 

Sonao Hripi'ctjs of tile 10 m of the M Jin i] n 1 ring* of trees in climatic study, by 
Prtif. A. E_ thhllSS'lJlKKi. 

The ngc of rbu earth, by H C. Chamber] Lu el ml others. 

How itrop is tile ocean? by C. G. Abhor. 

Tff» decade^ of gettetle iirogtreKH, by E> AL EUiL 

uhser vat Ions cm a Montana beaver canal, by Stllkruin Berry. 

The Republic of Sal vndor, by Paul C. ftiatadley. 

The loot caferritlhtr, by It 1-1 SftbdgrasK. 

The life history emd habits of Hm Holltuff wok$ k, pJdfantAw* ffih&ojuir, by £kl+ 
WHrd <1. Beluha rd. 

The use of Idols In Hripl worship, hy J r Waller Fcwfces. 

Two Chaco Can you pk lionura, liy Ketl M. I mid. 

Collection-; r-f Old World nrebeokiry In tbf United Hi allow NallrmRl Museum, 
% J, M. Caaftfifawicft. 

The -'MhEike Hutt£hr(i p ’ uf Pwp't Hoi i ml hy T. T. Waterman. 

EiiitnUiims ol AKknliH], by Prof. .1. Gnrstanig. 

NnMnnol efr«irts at home Timldnc, by r. II. Newell. 

Idylls of Ehi i telephone ^erriiv, by Jithrt J, Curly, 

fit ftorf for —The complete volume uf t lie Report of the 
Ib>aI'fJ nf Regents for 1923 was received from the Public Printer in 
Jimo ¥ ingfi* 

A it mm I lie-iifiri of the Bonn! of Regents uf the HtaUUsoninn limiltullon. 
showing operations. oipcmlliurv „ ami rimdltiun nf the Instlnillon for the 
year ending June 3u. Hrjri. pirn Jim pis., 72 text figure*. uhihL 

RISSLI 

The appendix contained the following papers: 

The con^t I lotion nud oroldtlon of she Mnr*. by Henry N*«rrU Russell 
Ttie sun and Rinftpd*. 3£3U~lK&J r hy E. Waller Maunder, 

Joining ibc electric wqv.- nml heat ware ftpectra, thy E. F Nichols and J P I>. 
Tear, 

The t*o>ib!Niles nf Instrumental development, by George Hnle, 

Thu borderland uf ttHlmnomy amt p-tdugy* by Er»f. A. H, Eddington. 
Anuonphurlc &lm«cn fixation. hy Erie A. Lof. 

11k- place uf pmiehM In the filet In the light of the omr knowledge of nutrf 
tibia, hy K H Mitchell 

The ^-«ry of the proihiLilon and of dncille tonlnliim, by Clnrenee W 

Balke, 

. .■»»”!'■ Kin-H nf It..* pnrtlO lure^or. by L. H. Adams nml N. WlUluuai. 

IHatoMdhMria* ^rldrtUtn In film rmintjf. Ark. bj n. D. Kl wr aiiil C. S 
ibws. 

I^cceht priigretiN and trend* In Tertefcrjite palocmtology, by \v r D. Matthew. 
AnLnuili In the Nntfattal Zocilogfenl Ihirkp by N, HublKter, 

I hi* burrowing rodents of Call fund Ft ns ni^ehta In jhpSI fnru 3 atLrjn T by Jiwenb 
Grlnneli 

'I’be not lira] history of Chinn, by A. tit? C. i^owerby + 

Ufe in tlm <H?eun. hy Austin II. Clark. 
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A study of tbo JlScM nf sen gillie, by IL 0. Miller. 

Insect in ti?fl ['In ijm ii iirl their Instruments, by n. E, Snedgrit&j. 

Thu garden of nurlrcit MeiJco, hr Mrs, Zelln Nott+lll. 

Thv Howaiwcap NnMi-im] Monument. by J, Walter Fewhrs- 

The origin mirl antiquity of ifac Amertam In Jinn, by A. HnSLJrku. 

Rained rifles of FaLeatlofe east and west of the Jordan. by Arthur w. button. 
Ttie aiiLlinipolr^Jtnl work of Prince AJInert l*t of Monaco and recent progress 
in human pn lean la jog? In Fra nee, by MnraPiu Boule. 

The ulilEKfil l*m ii f rnlcanlc steam Ln Italy. 

Proposed rldni by d reeled rie power development of the FeUtcodiuc and Mem 
ramcook IliTerH, by W. import Turnbull. 

Mr Jnines IVwar, by Mr J runes Crichton-Brow no. 

J. C. Knpteyn, by A- Van Munnen. 

Julies Von Hnnn. by O. G + Simpson, 

Report for 19&4 '—The report of the eieculirc committee and pra- 
ewdings of t3?p Board of Regents of the Ir^titntion, and the report 
of tin secruluryj both forming pints of the annua] report of the 
Board of Regents to Congress* were issued in pamphlet form in De* 
timber, 1924, 

Reikirt of the ciwullTe nmrnJuoe and xirowudings of the Board of ftagenLn vf 
The SnillhHonjmi 3 rutilritlou for the year ending June 30 ihlM i s no i Fahl 
2792.) 

rti'iKHn of ihe Secretary of the 3n]llbftuninn ruslltuthin for the year cmtlufE 
itiimaO, 11124, 12+ |ip. (PuhL 27m,) 

f ho general appendix U* thLs report, which was in press at the 
dose of the year, contains t3ie following papers: 

The origin of the mint system. liy J t If, Jcan*. 

I he decrrkujil structure nf matter, by pent Mr Ereem Rutherford, 

The pbysJ. IwtV present muceptteu of an ntom, by It. 3. MUIEknu. 

The vn eve tn—there** something in if, by w, It Whitney. 

Tbe use of radium in mcrilrlno, by Antoine Bfk-I^re. 

Glear fused ijtinrts iimde In rii# electric furnace* by Fdwnnl It, Hurry 
The driftlug of the (wntluoni.s by pjem? Tmicr. 

I he probable auliitEun of the climatic: pritlduni fin geology, t«y William Buomy 
A modem um impark: mope n limit ihe National Zoological Park, by N. Hollister. 
Ncsls aarf Heating habits of the American eagle, by Frauds U, Herrick 
The breeding plm m of the cel, by jtiht* tfchmldt. 
t’ankerwermw, by It E. ^nodiffrasw, 

A botanical trip to Ecuador, Feru + ami Bullria. by A- s, Hitchcock. 

Orchid collecting in Central America, by Fnul C- Stnndlcy. 

Sketches from the notebook of a naturaUat^roreler In Oceania during the year 
JD23. by Casey A. Wood, 

III sh trim 3 i mil I thin aud orienlai resell rob, by lames Henry Breasted, 

ShamanTam of the native* ef Siberia. by I. M, CAsawwlou 

Egypt ns a Add far aatbropologkiil research, by Prof. t\ R \ewtH.+rry, 

North American Indian dwelling*, by T, T. Watermnn, 

The nature of language, by R. E, Jimra, 

l^b u M l3t Hmnley, artlKt'tapbiper- By Da rid L Btiahnelk 

Herluf Wing#, by Th. Morienaou. 
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SmlfhAntiinii II rb s lut’]] i ril Irctl Tiihlct*— Hyperbolic FunctloBfl, TIilnL reprint. 
Prepared by George t 1 - Becker and 0, ft. Tan Grain nd. December 10, 1024 
BSipp, I FubL JSTU 

The Rcbiltimn of like SuiHlmiiUnn luRtllutluu to like Nntlimnt Government 
February G a 1025. 8 ppu 

Niagara Falls: ltd Power Fossil > Okies and Frcscrvalion, By Smiiucl 8, 
Wyer. January lo r 102a. 28 pp. p 2 [ils. p -1 H|p« T (Pull. 2320.) 

Title iuse atul index of Volutne 07, NmUlmnnlEni MIhcv LI alien iih CoUeetJeu^ 
(PabL 2TO0L) 

Title page nml eontenlu of Volume 74 ^lulIbHoiklnn Micella neons Colitis 
li r'ns, {FubL 2321.) 

Title paj2e unit contouts of Volume Tit smlitiwnlnii HlHccllnneoua Codec- 
ttfklUt UW m&) 

FttoLICATIDZCS OF THE IMTED STATES NATIONAL ILtJfcSEUU 

The publications of the National Museum are: (a) The annual 
report, (6J the Proceedings of the United States National Museum, 
*ru| (e) the Bulletin of the United States National Museum, which 
includes the contributions from the United States National Herba¬ 
rium. The editorship of these publications is vested in Th\ Marcus 
Benjamin. 

During the year ending June 30, 11 m } the Museum published 1 
annual report* 3 volumes of proceedings, 3 complete bulletins* i 
part of a bulLetin, 3 parts of St volumes in the series Contributions 
from the United States National Herbarium, and 60 separates from 
the proceedings. 

The issues of the bulletins were as follows: 

Rul let I a 100. Coat rltmt Jans to the Biology of the Philippine Archipelago umt 
Adjacent Region* Volume t\ pirn 1. Marine DUttmi* <*t the Fhlllppine 
I^Iander. By Albert Mftnn, 

Bnlfriln 123s. The BpSikT traha of Amcrlni. By Mary J. Ratlibau, 
itulhHln IrtCI. Ufe Histories of Xt»rili American WDil Fowl, Outer AtwCres 
1 Fart ft By Arthur OmUod Beat. 

Of the separate papers of the Contributions from the United 
Slates National Herbarium the following were issued: 

Volume 20, part 13. Rerlaloo of the American Specie of klnuren. New Plants 
frniu Venezuela, llemlbarcJinri*. A new Genua of BaecharfdJiui* By S. F. 
Blake. 

Volume 20, part I I, The American $peel m uf Caanvallfi anti WVndumLh!*, By 
t\ V Ilpey, 

Volume 23, |wlte 4 Trwi ami Shrubs of Mexico, [^U'-HLllomKii&^fTojibQlarlJi- 
cefte.) Ky Prml C, Studtay. 

Of the separates from the proceedings, 4 were from volume 64 t 
lo from volume 65, 31 from volume 66, anti 16 from volume 67* 
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PUBLICATIONS OF THE NATIONAL GALLEST OF ART 

The National Gnlleiy of Art issued during the year the following 

publications: 

GtttuloiHi 1 of a conimtlon of water-color piloting]* of the Grand rauyou of the 
Colorado, Yellowstone National Park, Yobwmlie Valle?, Zloa National Park, 
Utali National Part, and the Monterey Goaat of CnHfornla, by Sir. Gmmar 
WnJfofRP. On yUw In the National Gallery. December, iw>4< to January, 
1025, 4 pji. 

Catalogue of 4 collection of hosts of prominent personagea In bronze and terra 
cotta* by Mr*. Nancy Cos-McCoruiaek. On view in ihe National Gallery, 
ESeramb&r id, lb24, to January HI. tlrJ3. 4 |iji. 

Catalogue of n collect Inn of portrait* and studies In different terhniqneH, by 
hint Kills, of Vienna, Austria. On view In I he Nation*] Gallery, January Id 
to February 15, 202fL 4 pip. 

Catalogue of recent miniature jiurtmiTH by Alyn Williams, P. TL IT.tt r ipresi¬ 

dent Royal Miniature Hwiely), am! portrait busts in brenao and piaster, 
relief portrait*, merin Ilians wrlflpl in precious and KCiiilpreclaiiB stones, 
and some great Beals, by Cedi Thonm*, TL M. S* On view in the NaUunaf 
Gallery, March 3 to itan-h 22, 1025. 5 tip. 

t'tTBLK.'.VnQffB OF TUE HC1EK.UT OF A \l KlLh A Jff ETFJNOtjOGY 

1 he editorial work of the Bureau of Aiucrieun Ethnology is under 
tifcfi direction of Mr* Sian ley Scarlet editor* During the year, there 
were published two annual reports and one bulletin its follows: 
Thirty-eighth Annual Report. AccmuiiniKying paper: An Introductory Study 
of l be Arts, Crafts, null Customs of tile Guinea Indian* (Ruth), vii, 743 tip., 
1E3 plo* 34 1 Rrn, 

Thirty-ninth Annua] Ropurl. Accompanying paper: The Osage Trlls-: Tim 
Hite of VEffll (La Ll.scheL 030 pp., 17 pis., 4 ll|^ r (ILsHved July 13 h 
lftRL) 

Bulletin 78. iJmtdl»>uk of the Indian* of California l Kroehor). xvtii, fttJ5 jip,* 
83 plN,. TO fijjH. (Received July 17, IQ2&,) 

At the clc jsc of the year there were in press or in preparation three 
animal reports ns follows: 

Fort Eol li Annual Report. Act-m]] pet dying papers; The Mythical: Origin cd ihv 
l^hlte Buffalo Dance of the Foi liidEimn; The Autobiography nf a For 
Indian Woman; Nofe* an Fox ftlartaary Ountoms and Beliefs; Notes on 
the Fax Society Known a* " Thn^ Who Worship the IdttEe Spatted liuf- 
tn\o' r ; The Traditional Origin of the Fax Society Known u “The Btogtaf 
Around Rite." (Midwton.) 

Forij-Hrst Annual Report Accompanying paper: 8all*b Itauketry 
Forty-second Annual Report Aecompunjing paper: Soctnl Organisation and 
Boclal Ganges of the Indians yf the Greek Cunffnierncy: Religious belief* 
and inedlial practices nf the Craefc Indiana (Bwantolt). 

REFORr OF TiSK AMERICAN 1I1ST0UCAL ASSOCIATION 

The Annual imports of the American Historical Association are 
transmitted by the association to I lie Secretary of the Smithsonian 
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Institution and are eommumratcd by him to Congress ft? provided 
by the art of incorporation of the association. 

Volume II a Parts I and IL of the annual report for 1919 and 
the supplemental volume to the report for 11)31, entitled ""Writings 
in American History/' were issued dining the year. The animal 
reports for 10-20, and 1922, and the supplemental volume to 

the report for 1922 were in press at the dose of the year. 

REPORT OF THE NATIONAL SOCIETY, DAUGHTERS OF THE AMERICAN 

REVOLUTION 

The manuscript of the Twenty-seventh Annual Report of the 
National Society, Daughters of the American Revolution, was trans¬ 
mitted to Congress, in accordance with the law, on December 8, 
1924 , 

HM ITHRONLaN ADVISORY C03I.M1TTKE1 ON FlUNTlNO AND PUBLICATION 

The editor has continued to serve as secretary of the Smithsonian 
advisory committee on printing and publication, to which an? re¬ 
ferred for coiLsideration and recommendation all manuscripts offered 
to the Institution and its branches* Five meetings were held during 
the year and 75 manuscripts acted upon. 

Respectfully submitted, 

W. P. True, Editor. 

Dr* CiiABLEsi D. Walcott, 

Secretary , Smiihstm&m Institution, 


REPORT OF THE EXECUTIVE rOMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE 
YEAR ENDED JUNE 30 t l m 


To the Board of Repent* of the SmithfiQniun butt it ut ton t 
Your executive committee respectfully submits the following re¬ 
port in illation to the funds, receipts, uinl disbursements of the 
Institution and a statement of the appropriations by Congress for 
the following Government bureaus in the administrative charge of 
the Smithsonian Institution: The National Museum! the Interna¬ 
tional Exchanges, the Bureau of American Ethnology, the National 
Zoological Park, the Astro physical Observatory, the International 
Catalogue of Scientific Literature, and the National Gallery of Art, 
for the fiscal year ended Juno 1925 . 

m 

H3J | Tl ISON IAN I NSTITi’TIGN 

Condition of the endowment fund J u/y /, IQ2o 

The sum of $ 1 , 0011 , 000 * deposited in the Treasury of the United 
States under act of Congress* is part of a permanent endowment 
fund which includes the original Smithson fund and additions 
accumulated by the deposit of savings and l)equo.st3 from time to 
time. Subsequent Inquests and gifts and the income therefronn 
when SO required, are invested in approved securities. The several 
specltic funds so invested are now constituted and classed as follows: 

CoHAbUtfairt) fund 

Awry fund -__-------- __ 600, r*T* 

Virgin la Purdy LSmirn fund,--,____ 05 S, 2t2, IVi 

Lacy IL Baltd ftind ________,_ i.TiSSL Oft 

Ctmmberlala fond-. --- - _ ------ L^ocnj ,m 

Kuiulitim ftnrf __ _ _ _ IjOUliKI 

CbrotLne Hoary fond _____„ 1 , 22 ^. S& 

H^dukUiH general fund.. . . _ .. __ __„_ 37, oe 

Brace Hughes (hi id™ „____ _____ _ 13, satf 00 

Morris fAM-b fm»t ---______ 5 d gt-L DO 

Lucy T. and (Source W. Poore fuud___^__ ___ 14 , IBS, 14 

Addiaoa T r Held fund. ---- - __ _ 0 .U 30 . Ill 

Ettiei-a fonU_^ ________ __ 357. 34 

George H, Sanford fund ______ U1&, 32 

^oiIiLhou fund-- _„_ r _,_ ___ i + .|^_ 74 

Total cun^oUrtJitLMJ fund _^____._ _ 213 . rtgtl, fio 

C Im rii'.f D + nod Motj Vans Walcott tcw-irn'li fund _ __ u.r^OO 

m 
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Tin* total amount of dividends and intorrat received by the Insti¬ 
tution from the Freer estate during the yeur for all purposes was 
$2B! jm&L 

The itemized report of the auditor. The Capital Audit Co., certified 
public accountants, is filed in the oflicc of the secretary. 

IrET.UFFJJ HUTHYEr M FINANCIAL tiltlfcATJON A 
Parent fund 


Balance on Iinnd or In Ume deposIliL July 1 + 1024_ __ __ $4 P 47ti. DO 

Receipts: 

Income, consisting of Interest and receipts frtun mis 
coUubeoim mmtcen iVAiUble for General purposes- $ 57 . itffctl. 81 
I h i emal limit I cxrbtingra, repay intuitH io the InrUt 

Union — --._---„ - 4, OCQL 22 


Total receipts—. ... _____L—_ _G£, TiOr.Ofl 


Totnl re source* for General pwpoiM„;.:- __, m f 988, 05 

General expeoditurc*: 

Caro nnit repair of balldUigif.-___ $7,570, lfl 

Furniture and _ 0SL1G 

General n dnUnlntrn lion ___ _ ___„ _ 24.33T, 03 

Library— -——-— ,— „ —„----— _ 0, 183. 47 

ruMIrntloitH (nunjjrtHh^ preparation, printing, hi id 

distribution j _,________ _ _ jfi F (jHia, C8 

nesi>4rch£j and etplormtlous_ _ 4 r 774. 77 

IniurajiitlinLui exvlnmges ___.___ _ -S H 114.38 


Tumi general expenditure* ._______,___ pfi.02I.20 


Ral oik- e June 30, ltr25 ________________ 7,002.45 

lund* fur tpedflc ob/erfj, tactadfap payment and return nf fundi advanced for 
field expert*** and ether tempentrp IrdnintHem durintf the year 

B* In litre on bund or In time deposits July 1, 1024. ___ _ ftki, *54,84 

Receipt*: 

Avery fun(L_^_ _„________ $3,410.42 

Virgin$n Purdy llutitn fund. _____ 12,000.52 

Lucy H. Htird fund. ________ 118.20 

France I^cra Ommlicrljiin tngd— _____ 2.75^00 

Fred. G, dor End I ___ _ __ 3,73Q H 00 

Endowment fund {genera I __ _ 210,00 

Endowment esiupuil^u expend fuud„__ _ 2;000.00 

For Ea*t expediLion fund_ ___ _ __ 2, 000. 00 

Dvirld C. Grabnm ftjaL.. _ _ _ __ 200,00 

I^r. VV. L, Abbott Haitian botanical expedition™_ 500.00 

Hindi Lon fund _ -. _^ ^ 

Harr! than trust f unci... _______ 12, 54«. 2.7 

l'arntlno Henry fund—-. _„____ ' ^ 3a 

H od gtfng fund. spedJlc._ __ _ _” ^ DJE5 _ H q 

Brace Hughe* fond _. __ _._ _ w ____ I ^ ^ 

Morris Loeb fund_ _ r-__^ _ ___ ^ 005 70 

Xatloml Gallery of Art bulldbig pimu fund_ _ 2tt4 55 
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JUN^Ipts—Ctontt iiiKMl. 

North Amerktrn Wild Flowers imiillcm k»n fund- _ _ lift, ft70. Si 

Lucy T. nmJ George W. Poore fond __ 2, 067. 08 

Atkllttm T. ReM fend™™™™™—_1,153,23 

Reset rtliee hi paleontology. _—__ _ __ 1,400=06 

Rhees tmd __ ,.. ____ 02,08 

John A. HoebUx^ funds,,- _ _ „„ 25, 278.1ft 

Course TL Sam ford fnnd__^^__ _ _ 114.46 

Smiths ml mi eelendfle serins fund. _.=__ 8 H 250. 00 

Swnles ___._ 300.00 

Charles L>, nuil Mary Yaps Walcott fucd^^ __ 720. 00 

Refund of teinjkoniry ndvnnbes___ _ 8,163.0ft 


Term recejiitfc.-.._-,----|148 F 352, 88 


Totn I resourct-s _ ____ _ _ _.___ =.__ __ 21ft, 107.72 

Bxpcndhuras: 

Avery fnud. Invested. __„______________„_. $3, 02.03 

Virginia Purdy Bnwn fund, invested iliiiL cxiicihIihI 12. 416. ft9 

Lucy 1L Hnlnl fund. Invested- _____ JTB.ftl 

Chandler In In fiiml, lor Htwclmena. ete, _ 2,043.24 

Far East exjiwdJtlott fund, expended-.___—_ 2,00X02 

UiirHiimik trust fund, for researches end s|keeimeus_ 12.026.00 

Carolina Henry fund, invested— _______ 140.33 

Hodgkins rand, for researches,. __ 6,300.32 

Bruce Hushes fund, Invested..- —_.___ 1,826,28 

Morris Lod) fund. aarpaiidud _____ _ ft, 583. OS 

Nation til Gallery of Art building plan* rural _ 14006.00 

North American Wild Flowers puli] (cation fund, ex- 

pimded^ ----_-_- 33,104. 84 

IjUey T- anil George lv T Foom fund, Invested and ex¬ 
pended__ _ __ ___ 000. ftft 

AiMLhod T. Reid fund, Invited ___ 1, 740.16 

ItaHenrehcs in palaonUriftKy. expended— __ 1 + 17ft. 48 

Re*eareli Corporation, rochet Investigation__ 7ftrt r <m 

Rheos fund. Inverted— ___ ____ _„ 80,34 

John A, Roebdni; funds, solar rrasenneli, etc., ev- 

pended--- _—-—-- 27, 400.21 

W. A. Roohling- mineral fimd F expended—.— .._ 373,03 

George IL Snhford fund. Invested.— __ 100.32 

Swales fund, for specimens_ __ 3ft&32 

Clmrleti I>. unrl Mary Vaux Walcott fund, extended- 8Oft. 24 
Temporary advances for field expenses, etc____ ft F 002. 3ft 


Total expenditures-,_ _ _ __ 128. 334 S3 


Ha 1 a nee June 3ft, 1025__ _ _ _______ $£, 773 . lft 

Charles h. Freer h^uert 

Ralanreon hand or So lime deposits, July 1. 1924—__ „__ $31, 233,73 

Receipt*: 

Dividends, Interest* and miscellaneous receipts _____ 231,073.54 


Total reKonraea-- 


_ 202 , 307.37 
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EimmEtnna: 

Opefmdni; *-xih!«hcp of the gallery, MilarE« k par* 
chase rif urt object^ Held e-xpenaea, a. ml fuel* 

<Ientn1#___.«____„_ T44.5.1 

luvi^irLuntri iu sinking final, lutercril _ 84*445, 73 

TihiBl expenditure*- _______ _*jS4 + lfW> f M 

Balance Jtn» 30, 1M25 _ _ __ 78 t 111, II 

BUIUIMY 

Total btbHKei nf mil Timde, July l p llfet__ _____ __ ._ 102, CCS, id 

UwJp|_p during year uinllng June 30, 1025: 

PAtvnt fund for general r£|Hm^ _____ iti* COT. OG 

ttoveutia a ml iiHndjukl o£ ftimbi fur kihh'UV' nbjwU* oiwjh Fa^r 

- ._.__________________ _ 14 * r 25&88 

Freer bequest ________ £5l,0TAOi 

Tula I —-——--,-—,_„_ ___ 544* 74 

Expenditure*: 

licncrnl pxjwnspiL uf tee Enelttulflm _ - - .._.. GO,021. 20 

SiKHiiOo objects, except Ur wt bequ&tt — - IliH, 53 

Freer bequest* --—__-__ . . 1^11^^ 

Total tm In area of kiIL fumls .lone MU, 1H25- 171.652.75 

Total —- -——— ----.-__ 5H.3S& 74 

All payments are made by check, signed by the Secretary of the 
Institution, on the Treasurer of the United Static, and all revenues 
rnt' deposited to the credit of the same account. In some instances 
deposits are placed in bonk for rim Yemen re of collection and later 
arc withdrawn in round amounts and deposited m she Treasury. 

The practice of investing temporarily idle funds in time deposits 
has proven satisfactory. During the year the interest derived from 
this source, together with other similar items, has resulted in a tuEul 
Of $1,010.15. 

The following appropriations for the Government bureaus under 
the administrative charge of the Smithsonian Institution were made 
by Congress for the fiBcnt year 1025: 

Bureau : 

latcnuttimaJ Bylwmg "! __ * _ 

Auiurknii U [ Ij m i U i^.y ___ 

iDternuiiuisal Qatatogne c-f SefeniLflc LLtcnrhnv 

Ahlrorbysli u| Observatory^_____ 

A drill hi Ll:i I A^slHlBllt Secretary _ 

AilULi iuibiil lire pnotectliia _ _ _ __ 


ApftfoprliUoU 

-- f4ft 650*00 

____—_ 57,180.00 
________ & 801. fid 

_ -- 21, 580,00 

__ tt 1 0(30,00 

_ 8,500 00 
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Iturtou- ConlliLmMi, 

National Museum— Appn>pri«Ua» 

Furniture and llstttr&s-; . .. ' $21,800.00 

Heating mud i%bUng .-. - • __ 77,soo.ou 

Freservatioa of collect! otti* _ _ _ 434,482, 00 

UdililltkK rriMsIry- ___ 11, 000,00 

Books--- ,- _ _ _ 2, 000. m 

Festmge — -—-■ . 450, 00 

. -- £347, 292,00 

Nafloimt <JaJk>ry of Att_™ _ _ . ... 158,00 

National Zoological l J nrk -™-*_,___ ifti r 4#7.oo 

Printing imJ binding -- - _- _ _Oik, 000,(10 


Total —-- - —------ (WXSS&lM 

kespet-L fully submitted, 

Henry Whtte, 


P&rdeezic A. 

R Walton Mookr 7 

Exeuutlvr Committee. 
































I'liw KEDINLS OF THE BOARD i'F RlttKNTS OF THE SMITH¬ 
SONIAN INSTITUTION FOR THE FISCAL YEAR ENDED JUNE 
30,1335 


ANNUAL MEETING DECEMBER 11, 1084 

Present; The Hem. William II. Taft, Chief Justice of the United 
Stilted, etinmiellor; Senator Reed Smoot; Senator George Wharton 
Pepper; Representative Albert Johnson; Representative R* Walton 
Moon; die Hon. George Gray; the Hon* Henry White; Mr* Charles 
F, Choate, jr + ; Mr Robert S* Brookings; Mr. Frederic A, Delano; 
and the secretary. Dr. Charles D. Walcott. 

DEATH OF ^ENATOIt UWGR 

The secretary announced the death, on November % 1024, of 
Senator Henry Cabot Lodge, who was first appointed a Regent on 
January t>, 1890, as a Member of the House of Representatives, serv¬ 
ing until January 2£. 1893; and again as a Member of the Senate, 
on December 7 f 19G5, serving continuously until his death, aggregat¬ 
ing a total of 22 years as a member of the board. 

The following resolutions were then adopted: 

U hmat t the Boiity of iic^ fc uln of the KiulitiHiEiluri. Iiihi Etutlon 4 littrlng 
learned with profound sorrow of the death, an November 0, 1024 r at Henry 
('iiftol Lodge,. Lulled State* Senator from Mamocfatuetta and a Urgent of 
llic ImlltulioD for 22 years: He It 

JfrjKitifrtf, Titut Ihc board dfcrdre to record litre their uf tte Irrepar- 

ab[& Icksh sim ai ned by the Itisfltudaii In the t*ts*d&£ nwuy of Lhtlr dlniin- 
mulshed colleague. whose keen, constructive Interest In the ulfalr* of the 
I nut I tut Ion led him to |4tto? broad knowkilgo and Innro experience at 
Itjf service at all timed. Senator Lodged famo ah a Hcholar* citizen, and 
statesman is too well known to require mention here* He was an etti-standltiK 
JlGTire In the Nation* and Ids death la deeply doplorar 

VCFKdrrd, Thar there raolottonn lie spread upon the record* of the hoanl 
Eind that ft copy thereof be irons so Hum] |o pur late asaoclnle's family. 

AITOINTMEST OF REGENTS 

The secretary announced that under date of December 2, the Presi- 
ilent pro tempo™ of the Senate Lad appointed Senator Reed Smoot 
n.H q Ito^cnt to succeed Senator Lodge, deceased. 

Also tlmt lie had received the resignation of Senator McCormick 
as m Regent, which ho had transmitted to the President pro tempore 
of the Senate who had appointed Senator George Wharton Pepper 
to fill the vacancy on December 8. 
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RE?4>I.ITTION 1II.I. VL LVE TO INCU1TE AND EXfl-NIllTURE 

The board adopted a resolution providing for the expenditure in 
the usual manner of the income of the Institution during the fiscal 
vonr ending -Tune 30 1 I92& 

NATIONAL MU&EtTtt OF &NI?IN1:EBIX<] AND INDtOTRY 

The secretary brought before the board a petition from the Xn- 
tionfil Museum of Engineering and Industry. Urging the ratling 
aside of a specified plot of ground south of the Smithsonian Build¬ 
ing on which to erect *i museum buildingf adding that the matter 
lutfl received the attention of the executive committee. 

A full discussion upon the various phases of the proposed project 
ensued, after which the board adopted resolutions expressing its 
sympathy with tile proposal and its willingness to take definite 
steps when sufficient funds to cover the initial cost involved hud 
been doposilril with the Smith^udan Institution by the National 
Museum of Engineering and Industry. 

annual liootrf ok the exim L' rivi: committee. 

Flic secretary submit led in printed form the annual report of the 
executive committee, showing the financial condition of the Institu¬ 
tion at the dose of the fiscal year ending June 30-* 1024. 

anxi \n nwtatr of THE permanent committer 

Nfrtar radiation rt'xrorrhr*. Tills work I ms boon conducted far Aeveral 
years by Aftstatnnt *Secmnry Abbot at st aliens nu Montezuma Mountain, Chile, 
and <m Mnont flnnjiui TTuUi. Aria. TJu l opera tlnna ure flEtniictfd hv a a et annul 
errant of $T>MO from Etu- Hodgkin* fund of the Smithsonian Instil u linn and 
throimli I be p^ierosky of a i ml ilic»pi riled citizen, Mr, John A. Roetrlin^ 

Freer ffinkhig fund.—Tbo permanent committee' ft Inst raport mentlotm the 
on!nMLshunail of a Kinking fund fur the purpose ckF vJift^uurdlns the prlncljml 
aad iocsnoo of the Freer IVainihulon for Oriental ArL Under Li the Income 
rtf ihe Freer bequest in of 6 per coal on the value of the foundation at 

I hr I line of Mr, Freer 1 *? death Ik to In> ndnrcat+iit In hl^h-class ^ecoritlGs and 
rcnT-estatc morion until nn amount «runl to the original fAtmriatlou In 
reached. Tin? amount thun Invented to date In $]53 P 4fEL7fi- 

fvurvtfHno rf fund.—UntfiT the orttardc not Hie sum authorial to be depos¬ 
ited In the United State* Treasury at *1 per cent interest ns the iL Smithson 
fund "" Ik 1 1 initial to fl T 00Q g ft(til. This limit was readied in 1JHT, nnd hetitie^tSi 
eifK and lateral earning* In exet^ of this n mount Imre lawn constituted rt 
comad hinted fund, which 5* Id rested In Kccurlttes approved by your permanent 
CcmiinKtlrc- This fund now' tolnln 

annual smmT nr the national uaUjFby or met cow mission 

The fourth annual meeting ntf ihe National Gallery of Art CnimntAsioQ wn* 
held Dddbinlicr P, 192L 

The annual report of I he secretary of the couimi^lrm for 11)24 eaUis altentlou 
to the Insinuation durlnc the year of a collection of World War portraits In 
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Ihc Natural History Building. _\ tls* recently made of the portrait? in nil „n<i 
imsrel now In pottraushm r.f the riiMlt.itlou and In part nvnlluhir for aBswin- 
IrfnKt' Jn tin* portrait Bnllery. mUnbcxrt upward of 400. 

The darfnhMty of Imjirovtax the etandud of the jmrimlts or pcmoup^t of 
national itlsttaction, which In time might In- Uu-ltulni In the Nntlcinnl Portrait 
(Inlli-ry, wns rninltbnf], bit no rtellnttc action win tuktn. 

The preUmlrmry for tin- projxwed National (inlti-ry BnUdlug ns pre¬ 

pared bj Mr. FTnlt, (he architect. wore wiihIiIotciI. 

Tin- very Important problem of the It wins Ion In tin* hulhHnc of collections 
iHitli of Jjrt nnd history received attention, and the view | in-vailed Hint It would 
ln - ■dyantnueoiut, m toast for n time, i« Imre the two in the rouhj buUdlns 
bat distinctly «r|*ir cited, 

Thp dulmwQ submittal the re-slenatlon fpf Mr. Edwin H. rUunhiMil. wm\ it 

WffLS reconmmfid Mr, E. c. TartoU tn thv Board of Jtexmts as iif B 

PUCeeSAor. 

TImp- BiH Tutary nf tlie cMtanitaHloii iinciiuinml Uin expiration of the Ihroo jenr 
trrnis of iln- follnwiuf momht’r* n t ihr cramnlNtJon; Jpbn FI Eodj^p. 

Jnm '* 1 p «™pI«, Alirl E. W IIwlfiMlrh mill Uhi-ir (lwlloii for four jem w's* 
mv)tnmirin]i'Ej hj ihe mminLssion. 

Ihon foihmTti !hn traleeUcut nf tiio jur^ot offinro of tho entnmlmdoq nnii 
n,>f thtb of iUi - exMvuttxv unit ndvl^ry committee for thr isumltuz 


On motion. the board poceptcd I In- report and adopted the following 
resolution: 

Rt'jtnhvd. Thai litp Board nf ItegraitiM of tin.’ Htaltiiffonbn 1 Miration hereby 
nwepts with repeal the reslcziatfen of Mr. K. u. Hlaslifl.-ld as a imnnlxr „r the 
. anonnl t-allcry of Art Ctunmlsxlon; clods .Mr. Edmund t*. Tn rtw-Tl far the 
romn farter of Mr. HiasTifh-hl'?. term, namely, to December H. jfij*?; m-liTtn 
MWisrp. John R. Lodge, Jam«* Pfirim-lpe. K. W Iteiftl. Irt. nail Mr Daniel fhesfer 
r rcDcli ns mem Piers far the full term of four toots 


ASN-ni. nmiBT or the beck trr.Mir 

In submitting his annua! report of Hie operation* «,f the Institu- 
. n f ° r * tie f5s '"' 1 your ending Jure W, mi, the secretaiy said that 
i-inw the Inst annual meetin«' of (In- Eogents on December l!t. 1023. u 
toliil of ltO publications bare Wn isoaed by the rnstitHtton and the 
Ifovernment branches in il« iiiTministmtive elmrire. Of this nutn- 
a If , Urr '; iss,led h y ,h(l Institution, «7 liv the National M*„»um, 
“i 4 hv . t,w American Ethnology, ft h bv means of 

these various series of publication?, together with exhibits, lectures, 
rartio talks, and nirrcspondcnre. that the Institution carries out one 
of its primary iibjects. the “diffusion of knowledge among man.” 
I he publications are distributed free to libraries, sclentiftr and edu¬ 
cational institution?, and interested individuals throughout the 
world. 


Ihc Smithsonian Annual Keport continues to attract widespread 
Popular interest These reports have I wen issued two rears bite 

mnmintT hjls P rovid «i «n additional 

12 °“ a l M he to bring Out two in one year, and at 

/ t,Mf r r rl f " r 15>L>:! *® r ™' y y f «r Paging and all the 

galleys of the rejKirl for 1834 hare tieen received from the printer 
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A.OJOUB.NED MEETING, JANUARY 5, 1025 

p^eent: The Hon. William H- Taft. Chief Justice of the United 
States,chancellor; Senator Re«l Smoot; Senator A Owsley Stanley; 
Representative Albert Johnson; Representative R. Walton Munroj 
representative Waiter H* Newton; Mr, Robert S. Brooking; Mr. 
Frederic A, Delano; and the secretary, Dr. Charles D. V\ alcntt, 

M -K NOW 1 >iHi M ENT 

The secretary read a letter from Mr, John E. Lodge expressing the 
grateful acknowledgment of his family for the resolutions adopted 
by the Board of Regents on December 11, 19-14, on the death of his 
fill her, Senator Henry Cabot Lodge, a Regent of the Institution. 

INCREASE OF UNBOWMUNT 

The oMctitivc committee reported that it had carefully considered 
a plan submitted by a New York firm for mwesstog the endowment 
of the Institution, and had received the opinion of the Attorney lien- 
rral that there was no legal impediment in the way of engaging Use 
firm for Una purpose, 

Thu board adopted a resolution giving the permanent committee 
power to act in the matter. 

RFJHSKT OF W KCIAL COM GUTTER ON FI.ANU r*j B NEW nUll.THNO A H-E£ SA- 
TiONAlu CAIJOitlV OF Alrf 

Mr. Delano read the following report; 

To the Board 0 / Re&enU, 

<tE[stT-kmen ; ttnif LnmmStiee jippolnt^i by Hi© board on February It. , 
tot the vutjKW of coUal^m I lag with the architect Eu the preparflUtib of plans 
for the proposed National Gallery at Art Bunding met nt lUe 3mith*mUn 
[ limitation 00 October 231, 11TCM. 

Mr. Charles A, Platl, the architect, who had recently returned from a tour 
of the nri galleries abroad, submitted prfllnilniirjr sketch plans for the bolld- 
Enir. These wiRiprrtecd pinna at the three fibers with wttana, anrl A demited 
dm win r of the math front. Plana of a number of European galleries, drawn 
to the same scale, were presented for comparison, niid del alls of lighting 
ndRiiiarlon to spaces and various other requiremente at ihe structure were 
coaid dared* Mr. Piatt explained that It was erpccicd that granite would 
tw eraptayrd ia the ennstruction, and that the MMlajc, which will Iju iS20 by 
Eli) feet* would rontaiii possibly 10,000*000 cable feet. He wild fiteo lhat If 
rei|nlrcd the pinna could, bo ready for the beginning of the work within six 
months. 

The proTteinnil plans it* presented were approved by the committee ivh a 

haste for future study. 

Respectfully submitted. 

Henby Wiiite* Chairman, 

FmmwfC A. delaso, 

ITekiikot An aiis, 
it AM M EU ■ lit#**. 

- 1 J. H. Gnrr, 

CWH X>, Walcott (ex oflteLa), 

tiTjwfol Committee. 
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RKiilSSIQX (it HIEEll IKruVIK TAX 

The secretary called attention to the passage by the Senate of 
H. It. Xo. sum i for the relief of Mr. Fiw’i entitle, by which taxes 
to the amount of fR{jSl) l( t(j have been remit loti by the Government, 

Mustsfl OF sit'setM ii mini Mis on sundat* 

The secretary brought up the question of the opening of all of 
the Museum buildings on Sundays, statin/; that it was now impos¬ 
sible to do so owing to the few watchmen allowed by the appropria¬ 
tions. The Xuturiil History (or new) Building was open from JJVJ 
to tJtO, lint the oilier building* were closed. Mu I ho Mg lit that if 
live more watchmen were provided nil the buildings could be open 
on Sunday, at least for the afternoon. 

In this connection be also s/iohe of the few visitors on Christmas 
and New Year’s Mays, a nil proposed the closing of I he buildings on 
those days, so ns to give the watchmen nn opportunity fn r 
which was now denied ibcm. 

After discussion, resolutions were adopted covering these matters. 

78041—35 - 10 
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ADVERTISEMENT 


The object of the iIenfsial Api’Eniux tv the Annual Report of the 
Smithsonian Institution is to fumkh brief accounts of scientific dis- 
rovcry iti particular dim thins; report of investigations made by 
collahirators of the Institution: and memoirs of a general character 
or nn special topics that sire of interest or value lu the numerous 
correspondents of the Institution. 

It lus hern n prominent object of tlic Board of Regents of the 
Smithsonian Institution from a very curly dale lo enrich the annual 
report required of iln-ru by lav with memoirs ill ust ruling the more 
remarkable nud important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and, during the greater part of its history, this 
purpose hits been carried out largely by the* publication of such 
papers a* would possess an interest to nil attracted by scientific 
progress. 

In 1880, induced in part by the discontinuance of an niimml sum¬ 
mary of progress which for 30 years previously had been issued by 
well-known privuhs publishing firms the secretory had a series of 
abstracts prepared hy com|H i tciii collaborator^ showing coiicindy the 
prominent feature* of recent scientific prognsSH in astronomy,, geol¬ 
ogy T meteorology , physics* chemistry T mineralogy, botany T zoology, 
and anthropology. This hitler plain was continued, though not alto¬ 
gether salisfaieloriIy* down to and including the year 1888* 

In I hr rejHirt for i §8I> o return was made to the earlier method of 
presenting at miscellaneous selection of papers (some of them orig¬ 
inal) embracing a considerable range of scientific investigation and 
discussion. This method has been continued in the present report 
for 1925. 



SPIRAL XEBl a Ljf5 AND THE STK1-CTITRE OF SPAC'E ' 


By O. Winns 

L'*irtv*itit Obttt riintf*rft t Kit'I 


1. Tho inquiry into the structure of space lies within the produce 
of astronomy. For this purpose observation will give us the position 
of numerous physical points which must serve as the skeleton upon 
which wo model our conception* Observation gives ns knowledge of 
this motions of the heavenly bodies. The orbits derived from these 
motions should serve ns tin? basis for some conclusions as to the 
character of the space in which these bodies are imbedded. Several 
decades ago the distances measured by astronomy out into the world 
of the stars were too small to be expected tn show any divergencies of 
structure from ordinary Euclidean conceptions Within the rela¬ 
tively small Hilar system nil motions take place so accurately in 
accordance with the Laws of Newton and Euclidean geometry that 
no modi tkul lulls are necessary. 

This Ls remarkable and comforting. In the solar system the ap¬ 
parent movements an? rapid and great with reference to the lapse 
of time during which we may make measures. Accordingly, the 
numerous complexities of the motions have luxm recognised and 
explained. Du the other hand with the stars the changes tif position 
are so slow’ that observations for 2fi00 years show no divergences of 
their paths from Straight, uniform motion. The stars of the heavens 
behave to us as would our planetary system to an observer living 
only a few seconds; that is* for Bitch an observer the planets would 
show no dev inti on from a uniform rectilinear molt on. Yet we must 
not push Like analogy further for Iil- could from such observations 
correctly construct the plan of the solar system. 

In every way we become convinced that ihe dimonsionfl of our 
soiur system with its known structure and rapid motions are too 
restricted to help in* in our problem of the structure of space. In- 

1 It* ^rUn-ii iby rifh'H'tal jH-rmHnliin nf Ulr^elnr S^S^ntS4) fmiia thi' Ihh ur uf Nbvj-w- 
twn ifl-Js, Sfl^aTio. Int^niiitiMut RfriMr uf *_¥nf rtiLtrd bj EuiPDbi 

Hkimn-h. piiiblk^kir'll h>- HirhE pipliltittiHrt: WUUnniK k Wllklin BlKlDMni ; IVUUfhh* A 

JjUmIi.Ji ; i> f ]Ll Alc-iri. I*nrh E Hlrtillt Kft n litii L U| + &riOBnn , I- 

Eb. h ||„ h |jp-k|iklji % Hull |Irmuibai, HridrM; U*nQ*irvm jl I'urtiftitftK, l h H,rfri ; Ttar 
llantuq Co,, Tukjro, 
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sfcincttvely we turn to those objects lo which we ascribe the gi'cutesl 
distances from iul We hope that in the light earning to us from 
these distant objects we may find something serving as testimony 
of the long path it has traversed through this space. Speaking 
metaphorically, front the dust of the journey we would infer some¬ 
thing of the nature iliii) direction of the path ji> well as the region 
through which the journey lay. 

2. Which, then* Eire the most distant bodies ' Through a process of 
chubnation we urc ijiiLchly left with only two possible kinds id bodies 
which mostly or ivholJy lie without that part of space w hich is filled 
with slurs in varying number. Our sun is Bdlnewhat near the 
center of this universe of stars. The boundary of it we may prac¬ 
tically phuc where the star density is one one-hundmlt that dose 
to our ftm. To realize the vanishingly small density in which the 
matter* collected in the form of stars exists* we may think of them 
as grains of sand so scattered that each grain is distant about U>1 
kilometers (<52 miles} from its nearest neighbor. This shows to 
scale the relative emptiness of space* The limit of our universe of 
slurs as above defined lies so far away {30,000 light-years) that it 
takes 30/NJQ years for light to come from the boundary to us. Be¬ 
yond, outside the bounds uf our stellar system (galaxy) lie numerous 
globular star clusters ami spiral nebula*—rmt all the clusters hut all 
of the nebula 

How may we obtain an idea or measure of these immensely great 
distances? Direct Irigoiiometrir triangulntion naturally can give 
m no information since we have to do with annual pundkixes giving 
angles us small 0 . 1 H.NHNJ 5 angular seconds, and indeed lets. The 
motions of the spiral nelmhe give us the answer and a riddle at the 
same lime. Tor 15 years we have know n that the lines in the spectra 
of the spiral nebula 1 sfanw shifts which have been interpreted as Dop¬ 
pler displacements n physical interpretation which is taken to indi¬ 
cate and measure radial velocities of the nebula;. These velocities are 
much greater than those generally found for the fixed stars. They 
may be nf the order of 2,000 kilometers (1*2fid miles) per second. 
At present radial velocities have been determined for some 541 spiral 
nebula?. These have already 3-ecu analyzed to discover intorrstirig 
systfUMtit- characteristics in the nebular movements. 

All apparent mot ions of the heavenly bodies arc made up of two 
component*: Their own or ^peculiar motion” and a mirroring in 
I hem of the motion of the observer^ The bitter varies for dUTerent 
directions relative to our movement and with the distance of the 
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liody from the observer. It is j>ossible by rcuubS nation in a mathe¬ 
matical discussion of ll] I tin* motions of the various bodies to find 
I he motion of the observer relative to the “ rciitroh I tJ (center of 
moan positions) of the moving bodies, Whan we seek this datum 
from the mot ions of the spiral nebula* wr reach an unexpected result. 
The "apex,'* or goal of tire motion of the sun, inis no apparent rela¬ 
tionship with that found from a similar discussion of the motions 
of the stars, Thi.- apex. detormIned froi • the nebular motions, lies 
not fur from the pole of the earth's orbit. There is a further and 
not less unexpected result. The velocity of the sun relative to the 
centroid of the spiral nebula 1 is uo longer the commonly found value 
from various discussions of stellar motions, sft) kilometers f l- mile*) 
per second, hut about T^ki kilometers 1435 miles) per second. It can 
nnt he the mm alone which is thus moving relatively to the spiral 
nebula*. For such a great velocity would have its linage in the sur¬ 
rounding stars (parallactic motion) * such is not present. 

ft* We are therefore 1 forced to the conclusion that our w hole galaxy 
of stars, ihe milky way family as a body, ha moving with this great 
velocity relative to the centroid of the spiral nebulae A further 
conclusion results: The milky way system ami the spiral nebula* 
must lw- considered as related systems—that is. like spiral nctmke are 
distant galaxies ami our galaxy or milky -way system, viewed from 
the spiral nebula^ would have the appearance of a rosimrul nebula. 

There is another surprise. If we eliminate the known motion 
of the sun from the observed motion of the spiral nebula* we would 
expect to find, according to the underlying assumptions of the pro- 
oedure, that in (lie mean they would he zero, Hut that is not at 
all the ease. We liiul that the system of spiral nebulic lends to 
scatter out wards into space. Literally slated* the spirals ei re moving 
outwards from the present position of the observer with fi velocity 
of about Srio kilometers; (41+1 miles) per second, 

We can obtain another measure of the distance of these nebub\ 
although of smalt accuracy. The goal of the solar motion may In? 
found not only from a discussion of the movements of the nebnbe 
in a radio! direction hut also from their movements m right angles 
lo this* their angular displucrnieni*. The natural lark of sharpness 
in the outlines of these ha/.v objects militates against the acc uracy of 
position determination*, so that the proper motions of any individual 
nebula can not he indicated with any accuracy* But that docs not 
exclude the determination of a statistical mean indicating the part 
of movement of all of them, which is produced by the motion of the 
ohsei Vk-r himself. If we combine (Ids unirrhiln bui at any rote hm 
great value of the tuignJar motion with the surer value of the 
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raclliii motion. there can lx- obtained a lower limit fur the distance 
of the spiral nebula*. 1 In-tv results a value of SujtfJD ligM-yeans. 

If we arc convinced lluil die spirals are distant milky-way system*, 
there is available yet another method wliich allows us in push yet 
further the lower Iianic of their distance. New stars (nortc) appear 
from time to time in certain spiral nobuhe. Wc can mm pure these 
with those which appear in our own milky way. l^fc us assume 
that their greatest brightness is t he same no matter in which system 
they occur* This leads to an estimate of 000/H‘iO light-years for 
the ho a rest spiral nebulae This further signifies Mud their linear 
dimensions are of the same order as those of our own galaxy. 

4- Now, convinced that the light from the spirals must travel this 
immensely long journey through space to reach us, let us recall 
our earlier query; Does this light bring us in its a sprits any trace 
of the structure of ibis apace which d«a-s not correspond to the 
si i ni lure of infinite Euclidean space ? 

Perhaps, First lei ils consider the apparent dispersion outwards* 
relative to our position of observation, of the matter concentrated 
in these nebula*, In this in itself remarkable phenomenon we will 
find something further lo strike us. We will probably nut be greatly 
wrung if. as a first approximation* we asc ribe tile same linear dimen- 
fliotis to ail of the spiral hrblilse. Then in their apparent angular 
extern we buve a measure of their individual ilistances. losing ibis 
assumption as tin- basis of our inquiry we reach a startling result: 
With iiureasing distance of the nebuhe the observed outwardly 
directed velocity increases, am I it increases at a rapid rate, such that 
when the distance increases tenfold the ratlin I velocity increases 
about I*^.Hi kilometers {745 miles) per second. This must mean 
that the farther away the object is In the depths of Euclidean 
space the more rapid is the dispersion of its matter into that spare. 

Is this interpretation of the observed facts, which assumes in Unite 
spare* ntHi-ssary i Naturally not* Ili ere are no absolutely necessary 
dcsrripiimiti of observed facts. We should try to formulate lhal 
drsrripLioii which is tin- most satisfying in tin- sense that it explains 
a greater ihluiIxt of isolated phenomena ihun the older conception, 

,j. I here is a structure of space in which the phenomena which ive 
liEiv* observed in the spiral nebula? will be accurately reproduced* 
This structure occurs in the cosmology of the Dutch astronomer, 
\\ . dc filter. I he world ul" dc Sitter is a four-dlmcuHimul con¬ 
tinuum of space tun] tune* fo rming the siirfjt^ of a sphere in five 
diiuenaiuiml ^ordinates. ThisRmnds richly comply indeed incom¬ 
prehensible. It is not possible to represent it graphically. But 
representation is a product nf our imagination* knowledge of our 
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reason, The understanding can well conceive vvhut our iiiiugiiiu- 
tinn am not picture. That is the c*>» here. Mini. bodily con* 
structed in three dimensions. run not picture tiling in four or more 
dimensions. Nevertheless, the following conceit may help us belter 
to understand tin- apace of de Sitter. 

If we eliminate two dimensions of u four-dimensional apace, the 
lut ter reduces to a surface. But what is the el mind it of this surface? 

B r am take in til 11 glance the phenomena w hich could be under¬ 
stood by a being of two dimensions living on the surface of n spftere. 
From these phenomena he could infer (hr mathematical characteris¬ 
tics of his coamie&J spore, This ! stung would recognise the extended 
hwt not inliuite character of hi* sphere of existence. Further, he 
iviiii It I recognise something which h really the nidi us of the three- 
dimensional sphere upon whose surface he is constrained to exist 
ami which might become an object for research. It is the radius 
of curvature of his world spare, He can talk of it, lie can determine 
u linear measure of it. .V spatial rejiresnituiion in three dimen¬ 
sions will never la* possible to him who ran know only two diiuen- 
doiis, Ihe two dimensional observer, carrying out certain direct 
measure* upon this surface-uf a-sphi-re limited universe, will find 
tlmi tin- value of his determination* of the number * will noi be 
const ant. It will be found that it is dependent upon the greatness: of 
the circle, that it is always less than 3.14159, and tliul the value of ^ 
which lie finally decides upon will lie the maximum limit toward 
which nil lik values tend to approach, 

1 lie stmiigt* cosmos of dt* Sitter, reduced to two dimensions, 
iliws not Inci,me such u simple Gurfaec-of-a-sphere world but one 
l.Vmg °n ii hyperbola of revolution. Our physicist, confined upon 
the surface of this hyjierlioluiiL can make certain observations roit'i- 
|'uruble to those of our real world. For instance, be will find that 
the number of Archimedes is always less than our value of v . It may 
la* mentioned ns remarks Ilie that all the phenomena of probability 
from which we may determine u value of t will lead to a value which 
is greater than the value found from Euclidean geometry. Taken by 
it^-if this is possibly only a curiosity and might signify little. 
Nevertheless certain modern astronomical phenomena can be given 
un interpretation which j minis the same way. 

This phenomenon occurs in do Sitter’s world, although its exist¬ 
ence was not known at the time he constructed bis cosmology (1917). 
iVith increasing distance from the renter of his coordinate system, 
mit uriil phenomena occur slower and slow er, and of course all natural 
clocks go likewise slower and slower. Especially is tills true With 
atomic vibrations. This decrease in vibration time can be measured 
for it will 1)0 impressed iijmiii the light reining to nx. [r inrun* that 
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spirt null lines from (listiuU stmicea nnisi lie shifted toward the red 
even though (lie sourw is nt u-st. A partide ntuv present in empty 
spuee will he driven outward with an urrelfiiUiim whu'h i nr rears 
with tin- distance. In de Sitter's world there are. therefore, two 
for li shift of the edj^ctriim lines toward the red — the general 
dispersion of matter out w4ii^1k toward the limits of space and the 
lowing up of natural time apparent in all distant object*, even 
though they are at rest, rohdive Lo the origin of coordinates, 

Because of the symmetry of the formula expressing de Sitters 
world, uny desired point may be chosen for the zero point of co¬ 
ordinates Thai means that there exists nu difference in the 
observed run of phenomena no matter wlmt the point of observation* 
vven though at the boundary of de Sitter's apace. 

Is it passible to obtain a measure of this slow ing up of natural 
processes at great dHun+vJ Yes, and it follows from de Sitters 
theory that there is noi only the shift mg of the spectrum lines to 
the red but also* as already noted, the increase of this shift with 
the im’reading distance of the object Thewe facia should occur in 
the spiral n elm hr a* follows: The radial movements outward (Dop¬ 
pler displacement in spootrum) of the spiral nebula must tend to 
greater and greater positive values as the diameters of the nebula 
decrease. 

A discus-inn of the observations gave a verifiraiion of the above 
prediction* The ensititts of de Sitter allows yet other predk thins, 
but we will not dismiss them all now, Snllire it to state that wo 
ran determine tlie radius of rumUuie of the time-spare rosniori of 
de Sitter from phenomena which appear in the spiral iiebuhe. The 
curvature is small. its ra ltiis is of the order of l lh| millions of light- 
years. In his roiitimml How of time an abject Will never return 
to the zero point of coordinated Time is single valued and history 
will not repeat itself. The cosmology of de Sitter furnishes a suffi¬ 
cient description of the universe. 

0, Our preceding discussion k based ii^kui the observation of some 
M) m-laihe which ore bright enough for the measurement of the line 
-hift- in then spectra. Now there mv alioiiL 2U/HNI definitely cata¬ 
loged nebula?, and the nplirul means of our present day should 
render visible about nj hm ij hmp. What new information may we 
expect from all of these objects i dust ns with the fixed stars, sta¬ 
tistical dimui^lonK of their distribution, color, pbntometric measures, 
etc., will lead to many valuable results, 

W* 1 will now speak of only one interesting chapter- that relating 
to the absorption of light in space. It is evidently very important* 
for in a Ust analysis this absorption will play a very important 
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and active part in our world picture. To be more definite, Jet 
iih .suppose ibis absorption to 1 m* *>f tin- magnitude produced by thill 
of ll thick meteorological fog. Then Ijjjflu coming from beyond a 
certain distance will be completely extinguished. We could receive 
no in form at ion from more distant Ih.hJu j h. Our universe would have 
the following appearance: Matter would appear gathered in a spher¬ 
ical slur system; our point of outlook would lx’ nt its center. It is 
]>erlmp> disquieting when wt« remember that id ready humanity Inis 
litui to look at the universe in u now way. That was when it threw 
away the geocentric conception which was u quasi realisation of such 

Jill utjSOE'|Jtil]JL cosmos. 

Some remarkable results have ^nier^rd from measures on t lie 
absorption of light in space in which the stars an* imbedded. In 
numerous regions of the skv we see visually and on photographic 
plates what may lie called cosmic clouds. In other places stellar 
counts reveal the existence of compact impenetrable masses of dost 
situated at great distances and covering large tracts of the sky. 
In the color of the stars a selective absorption is apparent, for the 
more distant stare are redder. This property of absorption shows j n 
u remarkable way — stars in the richer regions are on the whole bluer 
tbun where tile Slurs are few. We conclude, nlfrit i j»irttntx, i hut the 
regions poor in stars arc poor because the more distant stars are 
hidden belli ml cloudy veils of small particles which we know selec¬ 
tively transmit red light. 

Likewise we encounter In all parts of (he milky way traces of 
both general and selective absorption. However, when we turn to 
those parts of the sky where wo suppose we see great distances out 
into world space, all traces of l>ol]i general and selective absorption 
disappear. This is indicated by the globular star clusters which are 
placed at some UhliUd to HOO.OOO light-years a wav. 

7. Cun wo obtain any evidence of absorption from the spiral nebu¬ 
la?, the farthest of which may Im? situated millions <>( light-years dis¬ 
tant f Apparently we can. In them we have surface pictures of great 
diameter. I In* surface brightness of these objects can be determined 
photometrically. This- is a very ini[M>rtant datum, for the surface 
brightness should be independent of the distance if space is five of 
absorption—that is, optically empty. If. instead of taking as unr 
measure of their individually unknown linear distances, take 
their apparent diameter, the surface brightness determined for a 
great number of these lux lies should show in t statistical mean no 
rehition to their apparent diameter. We have at our disposal the 
surface brightness of more than 50« spirals. We find, in submitting 
all these measures to die precise methods of statistical 
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that there is a sll-rliL dependence of the surface brightness upon the 
apparent diameters in the sense that the surface brightness slightly 
decreases us the nebula is more distant. For the explanation of this 
it is natural to have recourse to a genera] absorption in the space 
traversed, it may be due to the weakening of the Light in passing 
through an extremely tenuous medium. The selective absorption 
necessarily bound with the phenomenon has not been demonstrated. 
If we evaluate the amount of absorption, it h approximately hucLi 
that when the tight passes through a spare S^XKJ light-years thick 
the light is weakened O.QOOOI magnitude, an amount too ^mall to 
he effective within our own galaxy. 

Kiv.am* a* it may seem, the limit of the system of spiral nebula? 
is apparently acrcensible to oar researches, which now extend about to 
the confines of our stellar galaxy. We may consider that we are 
approaching this limit if the number of new nebula discovered by 
mure and more powerful telescopes grows smaller and smaller, or at 
any rate does not augment os the optical powers of our instruments 
increase* We may add that the cu mu La lion of nebular matter toward 
the north pole of the milky way diminishes as we push farther out 
into spare toward the fainter and fainter nebulae Statistics relative 
to Ike apparent distribution of the nebtllfe lead to this result. Com¬ 
parison with the relative distribution a| the stars, determined by 
sjtuilar means, leads to the conclusion that we should not look to the 
spiral nebula? us the birthplace of our stars. 

There is a fact which fits with difficulty into the theory which 
considers the spiral nebula? os distant milky ways. That is the 
complete independence of their surface brightness Upon l heir ori¬ 
entation, For* seen from the depths of space, our milky way would 
appear five times as luminous seen edgewise as broadside on. Fur¬ 
ther, the surface brightness of the milky way as n whole would be 
small compared with that of the spiral nebulae The milky way sys¬ 
tem is then, 1 !fora exceptional, and its brightness places it at the lower 
rank of its does atiil as an extreme in any scheme of the evolution 
of spiral nebula. It is not in our power to say whether to place it 
at the beginning or end of the evolution. 


We &ee that what has been stated relative to several problems 
which ate connected with the spiral nebuhe, or in a more general way 
with eoHiuicul nebula?, leads us. literally ami metaphorically, tn the 
limits of our knowledge and the cun tines of space, where reality 
and fiction, where the physical world and the shadows of our 
thought confound* Meanwhile neither this world nor science stop 
there. There is the possibility of finding a response to ques- 
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t ions which agitate human thought anil of formula Ling u Htiflidtmt 
description of the genesis of the uni verso. It in yvl loo eouii for our 
percept ions, and their interpretation*; still mnt&in contradictious. 
Ihii we nmy be sure that as long as rout rndir Lions exist our inletl't- 
genew and our uuaglnations will work for their solution. The con- 
tradhiinns in our eoaceptioQfl of the universe arc the brel guarantees 
for (he life of science and the future progress of knowledge. 

Only uiTur £a life. 

—— Cd-i fftr fi <frd. 
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Within the lust twelve monlhs Lhree workers in the realms of 
nialheiriatirsd astronomy and cosmogony have brought their re¬ 
searches to conclusions of 1 mnemloi is importance and widespread 
interest. So closely are their pioblems interwoven that it n my prove 
stimulating to consider hi some detail she aim of each investigation, 
the line of argument* mid the outstanding results thus far achieved* 

STAR'S MASH AND IJ MINnSlTY 

Last year ill ere was given to the Hoy a I Astronomical Society by 
Prof. A. S r Eddrngrioiit F. K* S. % a paper which has a muses I great in- 
te rest amn n g :i>t n mi an e rs 
the world over. For many 
years Professor Eddington 
lias bean investigating the 
ra d i at ive j>roperi ics of a 
giant star-- 1. hut is. :i star 
of gigantic size and low 
density T m low that it could 
be considered as obeying 
wbcit in physics are known 
as the u perfect gain laws. 

Those i n vest i gu i Ions Ilh I 
him to the conclusion that 
the total luminosity of Midi a star depended chiefly upon its 
mass ancI teiii|>eratim% being almost uninfluenced by other fac¬ 
tors, To test the validity of this formula relating luminosity 
to mass, he first evaluated the constants involved in it from the 
known value* of mass and luminosity of the bright star Capella. 
He then plotted his relation as shown in the accompanying graph 
by the curved line. -Next he collected all the available i hit it from 
every possible source, giving both the masses and 1 utninosi ties of 
stars mid these he plotted individually on his graph. Their close 
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proximity to the theoretical curve is very striking, and forma a 
strong confirmation of the validity of the theoretical work- 

Curiosity, we tmppose, led him to wonder where the point;! would 
lie representing similar data for the dwarf dars^ Now the dwarf 
stars were so named by l*rof* Henry Norris Russell because they 
are so dense, due to gradual coiUraction, that it was thought impos¬ 
sible that the gas laws could hold true in their ruse. Hence a rela¬ 
tion between mass and luminosity explicitly based upon strict adher¬ 
ence to the gaa laws would not he expected to bold gt>od for it slur 
nf I he dwarf type. But, m hahiU vim* the plotted points for data 
Taken from dwarf stars conform as well to the theoretical curve 
as in the case of the giants. 

This was an astounding fact suggesting as it did that the dwarf 
star* no matter what Us density, was in file- stale of atomic agitation 
of ei [lerfect gas, The explanation given by Eddington seems plan 
sibLe, though it has not been mwpled unanimously —namely, that 
where matter is subject to such high temperatures as exist in the 
stars, temperatureo to be measured in millions of degrees each atom 
is reduced in effective volume a hundred thoustmd ttrac-s since its 
revolving elect ions, whose on termed orbits determine it^ normal 
effective volume* are nil stripped off or ionized by the intensity of 
beat. Each electron is thus so endowed with energy that it moves 
about iis no independent unit unrestricted to any atomic orbit. Thus 
a free gaseous state can exist in spite of much closer pncldiig tluiii 
would suffice ut onlimirv temperatures to reduce the matter to the 
state of Liquid or solid. 

DEtfrtti £TA li s 

This conception, if it be true, throws light on a long-standing 
astronomical mystery* There are known to be a few strnv, like the 
white dwarf companion of Sirius, so small yet so massive that their 
density worked out to be of the order of fifty Llunisund times that of 
water — em absurdity it was thought, an impossible result, something 
radically wrong somewhere in nhc oliscrvFit tons or ciilciihtlk>ti& But 
instead of finding something wrung with the vuh mini ions. Editing- 
Ion's work suggests dial the trouble lay sii nnr thinking the result 
absurd. In our failure to realize the tremendous difference between 
the state of matter at terrestrial temperatures utid id stellar tem¬ 
peratures. 

OIAKTS AND DWARFS 

If. then, all the stars are in n tnic gaseous condition., it is necessary 
to modify all ideas and calculations based on the old point of view 
that the dwarf stars were nor obeying the same laws of pressure. 
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volume, and temperature as the giant stars* Prof. H. S. KtisseLTs 
famous f^innt And Dwarf theory of Stellar Evolution suggested 
that a star begins its career ns u very hi v*ic mass of gas* highly 
inflated and much less dense thnn air* This would slowly contract 
by. gravitational influence, growing hotter and hotter and brighter 
and brighter. This period would embrace its life as a giant star. 
When contraction had reached such a point that, upon the old view, 
the gas laws could no longer hr considered ns even approximately 
representing the state of the star, then at this crit ical point of balance 
between mass, density! and temperature, further gravitational con¬ 
traction would of necessity he accompanied by decrease of tempera¬ 
ture and of luminosity. This period constituted the dwarf stage 
of a stars career. New this? theory b thrown into a new light by 
Eddington's results If the mass of a star be constant throughout 



its life, Eddingtons formula shows that there can be very little 
alteration in luminosity in spite of contraction, and hence the evolu¬ 
tion of n single star os outlined above b an impossibility. If as an 
alternative interpretation the mass of a star i> gradually diminish¬ 
ing, being actually consumed away to mu inf ain the supply of energy 
which a star is continuously radiating, then RiisselFs theory of 
evolution may be retained us indicating the probable sequence of 
stellar change, but with this difference that, though the effective or 
surface temperature may decrease during the latter stages, the 
internal temperature will continue to rise, 

rosy OF MASS 

A great deal thus turns on whether the mass of a radiating star 
can actually lie considered to Iks diminishing. There are, further¬ 
more* two ways of looking at this question, 

?mi—W - 11 
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One suggestion is that by collision of n very infrequent type be¬ 
tween fin electron mitt a proton (the ultimate particles of maLter 
known to the phy*ieisk earning the unit electrical charges, negative 
and positive) their impact results in complete annihilation of their 
mas*—thul is, of the matter which they form—a tie Unite a mount of 
radiant energy being the equivalent result. This is highly specula¬ 
tive* there being no observed phenomenon in nature to prove 
definitely that *uch a transformation can take place; hut it is 
theoretically possible, for matter and energy are essentially the same 
iking. Matter is one of many forms of energy and in the usual 
units of measurement of energy, the energy equivalent of a mass fn 
grams of maker is m c : ergs where c is the velocity of light. 3X 10 l " 
cm. per second* In other words, one gram of matter represents a 
potential concent ration of energy equivalent to nine hundred million 
million million ergs, or as more conveniently expressed* ^Xl^ : 
ergs: or one pound of matter embodies iX(lS®^OOX^j260)* fwt- 
pounds of energy—that is* IQ 1 * foot-pounds. 

The theory of relativity has shown mathematically, and it has 
been confirmed experimentally for fast moving alpha and beta 
parlicles, that what we term mass is really tt property of matter that 
depends upon its velocity. Mass increases with increase of velocity, 
hut this incii-Ei^ only becomes apparent when the velocity is so great 
that St becomes comparable to the velocity of light. The full expres¬ 
sion for mass energy in the relativity theory 

me 3 = tttf? 4- -I- 

Here the first Lerm is the whole intei molec ular energy of the mass 
at rest; the second term is its kinetic energy, or the energy possessed 
by it in virtue of its motion; the third and subsequent terms will be 
quite negligible for small values of the velocity v of the mass* but 
become appreciable one by one as the velocity v approaches the 
velocity of light. From this It follows that in order for the mass of 
a star to diminish as a iv*-ult (or perhaps we should say as the 
cause) of its radiation, it is not necessary to postulate the annihila¬ 
tion of matter, but simply the los in mass resulting from loss in 
velocity. From the above equation it can he seen that this might 
well he a tremendous reservoir of available energy. 

The idea that continued stellar radiation might imply gradual loss 
in stellar mass w els not new. It la ad been suggested some years ago 
by Dr. J, 11, Jeans* but the facts above explained brought this idea 
forward with a new HjgmJicanvc, Doctor Jeans .saw that if this idea 
be really true* in any astronomic*! problems are seen in a new light* 
and many investigations require reconsideration. 'This he has done 
and only recently has he published his results. 
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AGE OF NPN 

Otw of the (|iicstioR£ which has provoked controversy lad ween 
geologist, physicist:, mid Astronomer for many years is the probable 
a^tt of the earth* an ^timiite of the age of the sun beings of course, 
nu upper limit to the age of the solar system, Jeans attacks the 
problem from the new point of view, and his argument is as follows: 
The sun Is radiating away its mass at the rate of about 4^,000 tons 
per second and, if it were once as massive u star as Slrltia now is. 
(hen it lias been radiating for 7XH p ' years, This means an age of 
at least a million million years', and is several thousand times greater 
than any previous estimate—a figure so great that it bn Hies conipia- 
henshm, and staggers even the imagination. 

GALA NY EXPANDING 

There is an interesting consequence of loss of mii-ss by radiation 
which has an important bearing upon our system and upon the 
gala ny of stsirs about us. If our mepi be gradually diminishing in 
mass, the law of conservation of itiomciinim requires that rise planets 
move gradually off in ever expanding orbits. Similarly, if the mass 
of our galaxy a* a whole he gradually diminishing, the stars must 
be opening out, spreading farther apart from the common center of 
gravity and therefore from one another, Jeans estimates that 10 11 
years ago this galaxy was packed sixty-four times more closely than 
it is at the present time. 

, 11JXARY STARS 

This modifies various problems of eoHiiioguuy in a remarkable 
manner. The orbits of binary Mars have long been ji mystery /because 
no mutual force between two such stars was known which could 
account for their being in such eccentric and large orbits about their 
common center of gravity. Jeans points out that it is no Longer 
necessary to look for such a force, that with the enlarged time scale 
for the galaxy (greater than 10 M years) outside influences income 
not only possible but very highly probable—that is to say, the nor mat 
orbits of a binary system may be perturbed by the gravitational pull 
of Ei jKL^ing star approaching more closely than is iimhaL The 
chance of sttcli an influence being brought to liear upon a binary 
gmitly increased by the closer packing of the system in bygone ages. 
Hasing his calculations upon the observed percentage of decidedly 
modified binary orbits and the probability of outside influence, 
deans obtains an estimate of the age of the galaxy which confirms 
his previous result of I0 ia years. 
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MASS AND VELOOIXY 

A statistical siuily of the manses mid the velocities of stars reveal*?!I 
1 striking eorrdntio!t T which though incomplete i>ointed toward 
eqqi partition nf energy. No Hatiirfiietory CKplmuttkwi of ibis was 
offered until Jcutia dispelled the clouds of mystery by showing time 
it in essentially the same problem ns that just disclosed. I lie mutual 
mllitences of (he stars, originally sixty‘four times as closely pinked 
as now, have resulted in the course of IQ 13 rears in bringing sonic 
measure of ruder out of primeval disorder. It is analogous to tlie 
behavior of a mixture of gases if imdisturbed by external influences 
ihe tendency would be for those molecule most massive to move most 
blowlv while the tighter molecules moved with the greater speed T (lie 
kinetic energy nr product of muss by velocity squared, tending to be 
ibi! same for all the molecules* This also formed ft basis, though 
of a truth is somewhat slinky basis, for again eimiiruiing the age of 
t he galaxy us 10 |S years. 

The nebular hypothesis of Laptev and the ptanrtesimal hypothesis 
of Chamberlin have gone lulu the hi dory of sconce as great and 
lasting monuments to their originators, both of whom were powerful 
and constructive thinkers. As u direct development from Chamber- 
Huh hypothesis deans sui m years ago worked out upon a rigorous 
mathematical basis his tidal theory of the origin of t Sue solar system* 
In view of I bn contrast between his conclusions in 1010 and his 
present roiuduHnius In (lie light of the researches under review t it is 
worth while hi consider the tidal theory in some detail. 

An analysis of Hie equilibrium forms nf rotating fluids under 
various conditions nmenahte to mathematical treatment, revealed the 
fuel that within a rat siting gaseous mass there are no forces which 
could combine to produce a series of planets such as encircle our sum 
Ilevn Cp following 1 1 1 +? lead of Chamberlin, deans called in the aid of 
a pricing star to supply the force necessary to disrupt the parent 
sun. 1 1 is obvious Hull a close approach of one Mar to another would 
draw out (ides, note on each side of the Mur considered, the tidal arm 
on the side nearest to the tide-producing star bring slightly tlic 
greater, ami therefore inure readily drawn out to a distance produc¬ 
ing its instability. The nmltci in this arm would then break away 
from the parent sun and follow orbits about the sun in directions 
governed by (be direction of travel of the passing star* Condensa¬ 
tion would gradually take place about any points in the tidal arm 
where there happened to h i a local concentration of gas* Each of 
these nuclei would become one of the planets, and its orbit and other 
individual characteristics would be determined, in part at least, by 
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Ltnu influence of tin! u resisting milium '' through width iL moved, 
this medium being composed of the vast millions of gaseous particles 
scattered hither mid thither into splice about the mm by the cataclysm 
mie disruption of the tidal arm. 

The formation of satellites by the planets is again an evidence of 
tidal action, but In this case the sun itsdf was the tide-producing 
agency which caused the disruption of the planets when each passed 
its perihelion for the first time. That some satellites so formed 
eventually became detached f rom their parent planets to hn captured 
hy other planets h one of the interesting results of the action of the 
resisting medium. 

Dr + Harold Jeffreys lias recently proposed several modifications 
of Lite above tidal theory. The outstanding point of dlffcrencu is 
that Jeffreys limits the mm of tin- ancestral sun to 4<i ini I Hon kilo¬ 
meters in diameter, whereas Jeans had presupposed a much less 
dense sun of diameter 8,000 million ki kune tors; the former figure 
Is approximately the diameter of Mercury's orbit* the latter figure 
is greater than the diameter of the orbit off Neptune* The evidence 
in favor of the. smaller figure seems to Ik* fairly strung. 

UNKNOWN PLANETS 

The point of interest in both these forms of the tidal theory 
is that they led to the belief that nitr solar system was possibly 
unique In the galaxy of stars, t^rauiM- tiic chance of two stars ap¬ 
proaching closely enough to produce tidal disruption—namely HP ltt 
Id to meters—was only ouee in 10 tlh years:, which was Hie whole ngo of 
the galaxy then considered possible. With the much greater Lime 
scale now proposed by Jeans, and considering also the much closer 
packing in those early millions of years, the probability of the dose 
approach of two stars becomes decidedly great* Hence the conclu¬ 
sion now reached by Jeans is that of the myriad stars we see about 
ns—not the majority—but a considerable number are probably suns 
to a family of planets. Like our own solar system In many respects, 
these numerous other systems may Itc, yet differing probably from it 
and from one another in all the details. Whether upon some fav¬ 
ored planets in some uf these many systems there have been devel¬ 
oped physical comlUions as on this earth, rendering them fit cradles 
for the advent of life we know not, and it is beyond the scope of 
the mithonialiemi physicist and astronomer to speculate further. 

STABILITY OF GALAXY 

An investigation of very grant interest has been carried out dur¬ 
ing the last year hy Dr. Lndvik SUhersteiii on the question of the 
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permanence of star clusters, in particular, the great star duster 
nr galaxy near the venter of which our solar system finds itself. 
Silberstein buses his calculations upon the fmir-diiiK*nsi final apure- 
time relations of de Sitter, and from ibis starting point hr lost year 
deduced a relation which could be evaluated in terms of observed 
astronomical data in such a way us to give a numerical value for 
an invariant characteristic of spacetime called by the mathemati¬ 
cian the radius of curvature- This quantity, symbolized by R+ has 
the finite value of 10 3 * astronomical units. that is 10 ia times the dis¬ 
tance from earth to sum This theory, with the consequent value of 
/?, has not been universally accepted, hut this does not detract from 
the interest of lln j .Hiihsetpirni reasoning by which Silberntcin deduces 
a criterion of stability in terms of the total muss of a system of 
material bodies (molecules or stars) and the radius of the system. 
Associated with any given mags there is a critical distance. If a 
star be at a greater distance than this critical value from the center 
of gravity, is> orbit will of necessity be a hyperbola. This means 
that sooner or biter ii will desert the system forever. On the other 
hand, if its distance from tin- mass center be less than the critical 
value it will describe an elliptic orbit, thus remaining indefinitely 
within the system. 

This criterion has been applied to those globular clusters far out 
in space beyond our o wn galaxy, for which the iistruiiomer has I wen 
able to form estimates of their size and mass. They are found to be 
considerably less massive than our galaxy and very much more 
closely packed. so closely packed that the calculated critical radius 
is much greater than the dimensions of the clusters, which may, 
therefore, from the point of view of this theory, be considered j*s 
stable aggregates of Mars. 

The reverse is the ease of mir own galaxy. Much too widely scab 
tered for its mass, its radius exceeds the critical value for stability, 
and therefore lids theory predicts that it will suffer from what 
Doctor Silborsbein terms ^ hyperbolic desertion b% until its ranks E>e 
reduced and its volume diminished to swell an extent that the cri¬ 
terion might perchance h.- satisfied. In its present form it is. Like 
the Roman Empire, far mo inflated to be enduring. 

Densities can he L rente] in similar manner. SilbersleUi evalu¬ 
ates the critical density of matter in space in terms of his finite 
curvature invariant It m tEu- gravitational constant and the velocity 
of light —three fundamental quantities in tins complex universe. 
Any aggregation of matter of less than this critical density will bo 
unstable and tend to dissipate, whereas any aggregation of density 
exceeding this value will U in a state of liability. The galaxy of 
stars in which our system finds itself is estimated to have a density 
fifty-two times too sum! I to satisfy the conditions for permanence. 
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Having surveyed ihv- future, Lot m t in the Light of this same 
theory* glance backward in an endeavor to trace the origin of a 
stellar fluster.. Liberate in considers the possibility of a gu spoils 
mass or nebula giving rise to millions of individual concentrations 
of matter, and thus forming the individual stars of a cluster* This 
was essentially the primary postulate of Laplace* though he was 
considering the relatively minute ease of a nebula giving rise to u 
solar system — an mipossible hypothesis in the Light of modern 
knowledge. Lint as an explanation at die evolution of a small 
galaxy id s(ar.> + Like many of the star rtlisters revealed by the tele¬ 
scope:, it is by no means lo he discarded— it may well he the true 
solution of the problem T as was pointed out bv Jeans some years ago* 
When, however, an attempt is made to explain the origin of our 
galaxy in this maimer, it is found to he incapable of satisfying alt 
the conditions- Our galaxy* to quote yet another nnaUigy taken by 
Doctor Silbersteirt from, the history of mankind, must have devel¬ 
oped* like the far-flung British Empire* hy the aggregation into one 
conglomerate whole of many remnants of previous systems, systems 
Long since scattered to the four winds. 

Guided by some of the great thinkers of to-day t our thoughts have 
traversed scons of time, conteuipUtlii'f -oiue of the changes taking 
place with majestic deliberation throughout the vastnesses of spare,. 
u Time rolls his ceaseless course."' A million million years miflttie 
for the bit tb of a star and its early development; u few hundred 
thousand years will tell Hie tale of the life of mankind upon this 
planet ; ami as for man. an individual man, the years of his life 
are three score year- and ten, and yet su'-h U the power of a great 
mind that, despite I be brevity of its allotted span, u can w rest le with 
flic problems of nature and learn something at least of the nttineiLsi- 
ties of space and time. 
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CERTAIN ASPECTS HE ITIOO-PRESSC RE RESEARCH 1 


By Prof. P, W. Baiiw.wajv, Hi. f>. 
//firm rrf If id rrriri i j/ 


As some of yon know* I have be™ occupied for a number of years 
in determining the effect js of high hydros! a tie pressure on a number 
of physical properties- To-day* I propose te stop fur a minute for 
a general stock taking, to outline briefly some of the results obtained 
and to suggest partially their possible *3gmi3eunco P I am impelled 
to do tills because the variety of subjects touched by Mils high- 
pressure research iw so great, and the character of the Information 
obtained in many utses mj sped ah that the whole effort is likely to 
appear without gene red scheme or eigniffcmiee. But I believe that 
different limited aspects of the subject w ill be of interest to different 
individuals: by presenting U\ you the geneml outline. 1 hope to 
make it possible for any individual to become aware of those aspects 
of the work which may lw of special significance to him. 

My general attitude in my investigation has been that high pres- 
suits are a tool which nitty be significantly applied to the disc ussion 
of many different problems. It is not usual, however, for an experi¬ 
menter to devote himself to exploiting u single tool of research. 1 
am so [new hut in the position of n small boy with a new jackknife 
who rushes about trying it on every conceivable object Doubtless 
the more mature method is to maintain a too! box from which one 
might take the jackknife when our has In sharpen a pencil * or an 
augur when one has to bore a hole. I may suggest, in partial extenu¬ 
ation of my attitude, that there seem to be very few jack knives in 
the world, or at leasi very few people who seem willing In use them, 
and there really does seem to be a certain amoun: of whittling that 
needs to be done. 

The kind of problem which ran Ik- attacked most successfully by 
the use of high pressures is not that which is now umst interesting 
to most physicists nor which appears to be must fundamental. 
This tool is not particularly adapted to probing questions of the 
constitution of the atom and particularly of the nucleus, but is better 

1 AiMri hj .Jrlivrfci! Thimnln>. S--j i. 1KML *,n IN ocr.iiiLini vt ibe ft-l^tirfltLnis u t Uj.- 
-r-iitntir} of tb? frundluj: nf Th* Kranki Lti tori Ll lit*. U^rintrd hj pfnnbhlrib fraru thi> 
JHTDII >>r TN h'rflukliu [nutltutr, I r liLl.iil■■ i|jI j|!l b August. 1»2& 
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adapted to the latter scale atomic and molecular phenomena. There 
nr®, of course, occasions when the behavior of matter under high 
pressures Intimately involves the inner structure of the atom, but in 
general the pictures with which 1 mn vonqtriied are uhj small to 
produce large changes in the atoms themselves. We are concerned 
here with pressures from Ul t iKK) to S30 T 0i.N't atmospheres. These arc 
capable of producing comparatively large 1 and sigiiHicant changes 
in (lie properties i»f many substances, but lhe}' can not, of course* 
be compared with the pressures of perhaps billions uf atmospheres 
which occur in tin- interior of the stars, iind which arc supposed to 
be a factor in atomic evolution. 

1 he significance of high pressure as a tool of atomic research 
lie* in the extreme simplicity of the change it produces in the ex¬ 
ternal conditions, merely pushing Lhe atoms closer together so that 
they arc compelled la give a somewhat more intimate account of 
i heir own inmost selves. The changes produced by pressure arc 
obviously much simpler than those produced by a change of tem¬ 
perature, No one regards our imdcrstandmg of a phenomenon as 
satisfactory unless we arc able to give some account of the changes 
produced by temjjeratnrc; xtUl k-s^ should we be satisfied if we cun 
not account for the changes produced by pressure. Further, by Com¬ 
bining the effects of temperature and pressure* we extend enormously 
the Held in which wo may look for phenomena suggestive for our 
theories, for the Held is now two instead of one dimensional. 

It is not necessary to apologise for activity in atomic phenomena, 
even if they are nut on the extreme end of the exploring line* be¬ 
cause they ore the phenomena which are perhaps of most immediate 
concern to us in daily life, and we have us yet hardly Ijcgun to 
understand them. This extent of our ignorance may be emphasized 
by the fact that none of our theories is able to predict accurately 
any of the high-pressure phenomena which I droll summarize, in 
spite of their extreme simplicity. 

Perhaps the most fundamental of the changes produced by pres¬ 
sure are (hose of volume itself. I have moosuretuente of the com¬ 
press* hility of 5 gases, 15 liquids—most of them simple organic 
liquids, but Including water and mercury— and some 45 different 
solids, £5 of thorn metallic dements, several minerals, ami several 
varieties of glass, I iuuy mention here aba the compressibility of 
11 of the alkali halides determined by Di% J. 0. Slater, in the Jeffer¬ 
son Laboratory, Ail of these compressibilities have been determined 
at several tempera lures, m that we know [he effects of pressure on 
thermal expansion. The melting curves of 87 substances, including 
metallic elements and organic compuKinds have lieen determined. 
Those melting mean men ion is includi* a determination of the change 
of melting temperature when pressure is raised, the change of volume 
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on melting. the latent heat of inching, mid in many eases the differ¬ 
ence of compressibility between liquid ami solid. The effect of pres¬ 
sure mi the polymorphic transitions of some 30 substance^ lias been 
iim-ti gated. including organic and inorganic compounds and the very 
interesting ease of water* This investigation has involved the study 
of fiU transition tines and ^1 triple points. On these transition lines 
the change of transition temperature with pressure has been deter¬ 
mined. anil also the change of volume* the latent heat + the difference 
of compressibility (’which gives information about the difference 
of thermit] expansion and specific heats), and the effect of pressure 
on velocity. In addition to these .id substances, about IfJfi others 
have been examined am I no new polymorphic forms have been found, 

The effect of pressure on electrical resistance over a range of tem¬ 
perature has been determined for metallic elements in the solid 
state* h in the liquid state, and for 7 alloys. The effect of pressure 
on thermal cu m + L has been measured for IS metallic elements and 2 
alloys. The effect of pressure on the thermal conductivity of 11 
soli11 metallic dements, 0 minerals, and 15 liquids (all organic except 
water) lias l>een measured. Finally, a few observations have been 
made on the phenomena of rupture under high pressure. 

What now is the general nature of the facts found, and some 
of their implications^ First* consider the facte with regard to 
changes of volume. At high pressures there is no essential differ¬ 
ence between a gas and a liquid. Under 12,000 kg, the changes of 
volume of ordinary non met uJ lie liquids range from something like 
20 per cent for water and 33 per cent for ether up to those of 
hydrogen and helium, which are the most compressible substances 
investigated, and which* under 112,000 kg. at ordinary temperatures 
have a volume less than half that which they have when frozen 
solid at atmospheric pressure by temperatures close to 0* Abs. 
Under these pressures there is it very great change in properties. 
The t henna I expansion drops to less than on®- fourth of what it is 
ordinarily, and the compressibility drops to one-fifteenth; both 
of theses changes are very much greater than the changes of volume. 
The fact that compressibility and thermal expansion drop off so * 
greatly for comparatively small changes of volume suggests that 
these must be intimately connected in some way with the empty 
spaces between t he atoms. All of the organic liquids behave roughly 
alike* so that an average of them furnishes us with a sort of ideal 
liquid, analogous to the familiar “perfect^ gas, This ideal liquid 
has one curious property; above a certain pressure the ordinary 
behavior of thermal expansion reverses itself* and the liquid is more 
expansible at the low ml her than ut the high temperatures. In 
addition to the broad features* which are alike for all liquids, each 
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individual allows small and pcrfcctiy dlnnu’teristic JivCtStiifCB from 
the mean, which do not become eoiuspicuoua until the highest pres¬ 
sure* are reudu-d. These surest differences between the different 
kinds of atoms or molecules, roughly corresponding to differences 
of ahape. If an atom has a ‘'knob” on it tIra^iil inequality in its 
fore* field), it will interfere with its neighbors and produce per¬ 
ceptible differences of behavior when the atoms are pushed dose 
together by high pressure. On the other hand, it is interesting 
that water, which under ordinary conditions Is a highly abnormal 
liquid, under high pressures loses Us abnormalities and returns to 

normality. , 

The kinetic theory of gases, extended to include the behavior of 
liquids tip to a few hundred atmospheres around the critical point, 
has engaged almost exclusive intention up to the present time. There 
is. far as l know, no theory of liquids that, with any approach 
to success, attempts to picture how the moke ides in a liquid behave 
when pushed bitotfu'h rlosi* contact that there is considerable mutual 
i ntccfcrenoc* 

Tins rliAiigv.^ of volume of the rolid elements (metals mostly) are 
in ^eneml much less than those of liquid*, hut they are nevertheless 
si^iflctmtlv htf£p t as in most eases it is possible tu reduce the volume 
by jin^iiirti to eonaidenddy less than it would be if the metal were 
deprived of it!I li£*t motion by facing cooled in absolute aero at 
atmospheric pressure 

gome of the imtnkore highly compressible, and araium, in par tic¬ 
ular. loses mors in volume at high perjures than ether* I here is* a 
characteristic difference between liquids and solids in that solids do 
not Jose their mmpresBibiUty nearly ns rapidly at high pressure 
We wu uld ex pen a difference of this sort;; in solids* the atoms must 
retain their regular crystalline arrangement at high prasauras, so 
that tho free spaces around the edges am) corners of the molecules 
are never occupied and hence play a relatively small part in die phe¬ 
nomena of imprecision. In a number of solids it seems that the per¬ 
sistence of compressibility at higli pressure veiii explained only by 
a compressibility of the atoms themselves. There is here an import' 
ant problem for quantum theory: To formulate the quantum con- 
4 1 i lions w hen t h e elec t romc or bite 5 n te if ere wi t h each other as u n irb 
us they must an a Strongly compressed solid. 

There is no adequate theory to explain I he properties of metals. 
In fart, the general nature of their structure is les^ well known than 
is that of the Ktructure nf certain suite, n impounds of two dements. 
The data on itunpmsddliiy now give ns the means of tinding the 
Hrst three derivatives* of the fortes I h -tween the atoms of a metal. 
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As ii physicist, I am sungulne that the mathematician can go far 
towurJ reconstructing the function if lie knows its first three derivu- 
lives, and we may hope at any rate that these data will make possible 
a more adequate description nf the force field about an atom, even 
if they do hot completely determine the mechanism. 

It has been stated that compresriJjility becomes less at high pres¬ 
sure*. This is what we should expect. because, as the atoms are 
squeezed closer together, it seems natural that they should resist 
more strongly attempts at closer propinquity - J have found, how- 
ever, a significant exception in quarts gloss and several I varieties of 
ordinary glass in which SSOh is a prominent constituent* These 
become more compressible at high pressures. This can not but he 
significant; our theories must explain why it in that, under some 
conditions, the litmus redst compn^on h k -.s strongly the closer they 
are pushed together. It is natural to seek to establish a connection 
with the fact that these abnormal substances are amorphous instead 
of crystalline, ami that they would doubtless crystalline with a 
decrease of volume. 

The probable effort of pressure on melting temperature was for a 
long time u matter of controversy. Early views w ere strongly influ¬ 
enced by the striking critical phenomena between liquid and vapor, 
and it was supposed by many llini there would be found a critical 
point between liquid and solid such that above this point liquid and 
solid might l>e made to change from one into the other without dis¬ 
continuity. A later rival theory, strongly defended, was that of 
Tamtnaun, who supposed that there was a maximum melting tem¬ 
perature above which a liquid could not be forced to freeze by any 
pressure no matter how high, and below which the liquid might la? 
frozen and the solid molted again by a sufficiently high pressure. 
The experimental difficulty in guttling this question was that the 
available pressure range was not sufficient* But with the data now 
at hand, we may, I believe, regard this question as settled. It appears 
from the evidence of ST substances that there is no experimental rea¬ 
son to think that the melting curve does not rise indefinitely, at a 
continuously decreasing rate, but nevertheless so that at any tem¬ 
perature a pressure run 1>C found high enough to freeze the liquid 
to the solid. There is no conned ion whatever between the melting 
phenomena and the ordinary critical phenomena of liquid and vapor: 
the amorphous phase may be frozen by sufficient pressure either 
alcove or below the critical temperature. This is, after all. dm nat~ 
ural result. It would seem as if one ought, by pushing the atoms 
close enough together, to be able eventually to undo the disorienting 
effect of an increase in the energy of temperature agitation. A von- 
timjoiis passage from a liquid to a solid was most difficult to visualize 
with our concept of n liquid as a haphazard aggregate of molecules, 
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and of the solid as consisting of ilio mm* molecule* regularly 

niTBPgEcL 

The discovery of the true eh a meter of the melting curve is of evi¬ 
dent importance for geophysics. 

In addition to an Indefinitely rising melting point* the measure¬ 
ments showed that solid and liquid become more mid more alike in 
volume at high pressures* but thnt the latent heat absorbed on passing 
from solid to liquid is little changed- It Is furthermore universally 
Irue that the liquid is more compressible than the solid. 

This is natural enough for normal liquids, but is not so obvious 
in the ease of ice, which has a volume larger than that of liquid 
water, but is less compressible* All these farts must be explained 
by the future theories, but nothing essentially new is involved here; 
when we have an adequate theory of the solid and the liquid state 
separately, Lhc correct explanation of the melting phenomena will 
automatically follow. 

Another interesting fact brought out by the measurements on 
water and some other substances which crystallize in two or more 
modifications is that in the liquid there may be nuclear structure* 
of considerable complexity capable of persisting for days. The 
liquid is not the simple thing that it may appear to a casual glance, 
but* at [cast under some conditions, it may carry concealed within 
it trace* of it* past history imperceptible to ordinary means. The 
existence of theta? structures in the liquid is now being demon¬ 
strated by X rays* but the extraordinary persistence of the indi¬ 
vidual structure can not be shown by such means. 

One minor way in which the pressure tool may be of value is 
in determining latent heats of melting. A calorimetric measure¬ 
ment is admittedly difficult. By measuring the melting pressures 
corresponding to two melting temperatures near the normal melt¬ 
ing point and determining the changes of volume, one has an 
indirect measurement of latent hent which is often far preferable 
to a direct, measurement The pressures Involved are not high— 
only a few' hundred atmosphere*—and the apparatus is so simple 
chat it may be readily constructed. 

Contrasted with the phenomena of melting are those of poly¬ 
morphic transitions in the solid state. These are of all degrees 
of complexity and are governed by a few simple rule?. Xo cases 
have been found of n critical point between two solid modifications; 
this doubtless corresponds to -some essential physical necessity, for 
it is hard to see how one kind of space lattice which is characteristic 
of one crystalline modification car change, without discontinuity, 
into some other space la it tee characteristic of another crystalline 
modification. Except for this, wo nmy apparently have nearly every 
kind of behavior. Under varying conditions of pressure and tern- 
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pernlure, transitions may take plan 1 with im volume change, and 
other* will] no Intent heal. As pressure rises, the slope of the transi¬ 
tion hoe may either rise or fall, while the slope nf the melting curve 
always fulls. There is a surprisingly large number uf eases analo¬ 
gous to that uf water ami ice, in which the modification stable at the 
higher temperature has the smaller volume. We might bo inclined 
to think of this as ail abnormal state of affairs, ami might expect 
that high pressure would tend to wipe it out. but such is not the 
case, uni] these ice-type transit tons persist at lensL to pressures 
beyond our present reach. Another surprising fact is that in the 
majority of cases the modification with the smaller volume is the 
more compressible. This is the same behavior ns that shown hv 
water and ice, and can not help being of significance for atomic 
structure. It means that the atom lias outlying parts which have 
centers of force of strength sufficient, in conjunction with the out- 
tying parts of other atoms, to build up an open-work structure, 
and that these outlying parts have more than usual stiffness, so 
that the resultant open-work structure has a lower compressibility 
than the more dense structure which the atoms are forced to assume 
by a pressure sufficiently high to push the outlying centers of 
force out of register. From some points of view, the thought of 
atoms a* having “ knobs " is certainly suggestive, although so crude 
n picture is repulsive to some persons. 

One feature of the behavior of polymorphic form*, which is 
of preat significance, may be studied to advantage with the high- 
pressure tool. This is the speed with which one modification trans¬ 
forms itself to another, A particular ad vantage of this tool ia 
i lie nloelv and rapidity of control whirh it offers. Changing the 
pressure on a two-phase system is equivalent to changing the tem¬ 
perature, but, whereas the actual temperature can Ins changed 
only slowly and nomimforrnly throughout the interior of the 
apparatus, and considerable lime is required for attainment of 
equilibrium, the effective temperature may lie changed instantly 
ami uniformly by any desired amount by a stroke of the pressure 
pump. By changing the conditions \ n this way in the immediate 
neighborhood of a transition point, I have studied a considerstde 
number of solid transitions under pressure. There is en essential 
difference between a change from one solid to another and that 
from a solid or a vapor to a liquid. If a vapor and liquid or 
solid and liquid coexist, then at any definite temperature a single 
definite pressure of equilibrium will 1* automatically established. 
Hie ordinary kinetic mechanism makes this understandable. 

Equilibrium between vapor and liquid, for example, is main¬ 
tained by the action of two streams of matter, one continually con¬ 
densing on the liquid from the vapor, the other continually evapo- 
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nilin^ front flip liquid into the vapor. T\ hen the velocity of the 
two processes is the Haute ivc have equilibrium. and if equilibrium is 
disturbed the two processes restore it. Hut with two solids the 
behavior nun' he (although not nocessarily ) quite different, in that 
two solids may coexist indefinitely in contact at a definite temperature 
anywhere within a rango of pressure. This is different from the 
familiar ptrasteni'e of a mudifiatiflO in a region of thermodynamic 
instability whieli involve viscosity. To such a system it is usually 
supposed thul equilibrium will be automatically produced if the tem- 
point I in: is raise. I to the point of thermodynamic equilibrium and 
the two phases tire in contact. The mechanism by which a definite 
equilibrium is automatically set up does not exist in the solid. In 
the solid it is probably near the truth to imagine the atoms as tied 
to certain menu positions of equilibrium ami :is vibrating iibout these 
positions, but never departing from them by more tltun a definite . 
amount. Ill the liquid or vapor, on the other hand, we have some¬ 
thing like Maxwell’s distrilmlion of vdo&lies, and it is possible to 
find a few atoms with tiny velocity that we please, no matter how 
high above the mean. Suppose now two modifications of ihc solid 
to be in contact. IT an atom is going lo change from one modifi¬ 
cation to the other ii will have to free itself from its first position 
before .( rail settle down into the second. 1 f the act of freeing itself 
from the first position involves too much of a departure from the 
roca n, the atom will not lie able to make the change, even if the new 
position, when rant attained, is a position of greater stability. Hut 
by u sufficiently lurge change of external conditions the atom may 
be helped to free itself from the first position, and *<» attain the sec¬ 
ond. I have studied ill some detail the way in which the width of 
the " domain of indifference >' varies with pressure and temperature, 
and also the variation of the velocity of transition outside the do¬ 
main. Both show large and very different sorts of variation for 
different substances. 

At present we have absolutely no theory of polymorphism} we 
arc acquiring by X-ray analysis a descriptive knowledge of the dif¬ 
ferent atomic arrangements of polymorphs in Mime cases, but we 
have no explanation to offer of why, under some conditions the atoms 
build themselves into one kind of structure and sometimes into an¬ 
other. For instance, who has any adequate explanation of why 
diamonds are so rare and graphite so common? There is here a 
curious example of the indirect progres that physics sometimes 
makes. It would .seem to be a much simpler problem to explain 
the ways in which an ulorn may combine with others of its own kind 
than with those of a different kind, whereas in fact we have at least 
the beginnings of an understanding of a great many chemical com¬ 
pounds, but can not claim anything of the kind for polymorphs. I 
cun not help feeling that an understanding of the great multiplicity 
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of the phenomena of polymorphism under high pressures will be of 
assistance in understanding this fundamental mutter* if only one* 
somebody can find the loose tod of the skein* and I even hope that 
it may be helpful in finding the loose end* 

One particular transition produced by pressure is so interesting 
that l shall mention it in detail* Under proper conditions of pressure 
und temperature, ordinary yellow phosphorus is transformed into a 
black variety much like graphite in its properties, and of a density 
nearly 50 per cent greater than that of the parent yellow phosphorus. 
The change is irreversible and permanent, and is the only example 
of such a permanent change produced by high pressure that I have 
found* The meduiiibm of the change is not at all understood, 
although i* number of attempts hare been made at explanation. 
The great difference of density points is something unusual. I wish 
to direct special attention to the conditions initiating the change 
from yellow to black. For a time varying from 10 to ‘50 minutes 
before the change occurs, some preliminary change hikes place 
throughout the entire interior of the muss of phosphorus* which is 
accompanied by a slight loss of volume, and which proceeds at an 
accelerated rate until the entire structure becomes unstable and col¬ 
lapses into the new modification. This preliminary change can not 
lie produced in the usual ways by external agents. For instance* 
wc can not inoculate a mass of yellow phosphorus with black ami 
lhereby either hasten or delay the transformation. There is nothing 
else that I know of like this behavior* Certainly the ordinary 
formation of a new phase out of one that has become unstable bv 
the formation of nuclei and the growth nf these nuclei at a definite 
rate has nothing in common with this. 

The electrical resistance of metallic elements in general deereases* 
under pressure, the rate of decrease itself decreasing by a sort of 
law of diminishing returns os Hie pressure rises. The magnitude 
of the decrease under 12,000 kg. varies from 3 per tTnt nr less for 
metals like, cobalt and tungsten tu more than 70 per cent for potas¬ 
sium and rubidium. There is no simple connection with the change 
of volume* as the change of resistance is of the order of tenfold 
greater. The resistance of a few meld* increases under pressure, 
and it is true of all of these that the rate of increase itself increases 
with the pressure. I have now, in addition* two unique metals: 
Caesium, whose resistance at first decreases hut later passes through 
a minimum ami then increases; and antimony, whose resistance* at 
right angles to the trigonal axis* st first increases but later posses 
through a maximum and then decreases. The effects of pressure arc 
thiiM much mure complicated than lho.se of temperature (which are 
nearly the same for all metals)* but they may* 1 believe, be even 
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mon* suggestive in fornwilainig a theory of resistance. Some im- 
port ant relations are brought out by the pressure tool that ml-rlit 
not otherwise be known. Thug, the fact that pressure increases lhe 
resistance of solid bismuth, which is abnormal, lint decreases that of 
the liquid, which is normal, strongly suggests that the abnormal 
behavior of solid bismuth is connected in some way with a pecu- 
Mari tv of the crystal structure, Rut, on the other hand, the fact 
that pressure increases the resistance of both solid and liquid lithium 
shows that the abnormality is in some way more deep-seated for 
this metal arid is doubtless connected with some characteristic of 
the atom as a. whole. The presstire effects bring out the fitet that the 
conduction mechanism is not as simple a* we might have supposed 
from the fact that the temperature coefficient of all metals is nearly 
tile same. 

There is, of course, no adequate theory of metallic conduction; 
the classical free electron theory has had to be given up, urn I there 
is no satisfactory substitute, 1 have myself marie an attempt at 
[hiding the significance of the various pressure effects, and have 
been led by them to a very general conception of conduction which 
1 believe must be incorporated into the finally accepted theory. 
This conception is that the atoms [day Aft essentially positive part 
in conduction and, in some way which we tin not at present under¬ 
stand, make it possible for electrons to puss from one part of a 
metal to another. According to the classical conception, the role of 
the atoms was entirely secondary and negative; the atoms were 
the source of the free electrons, hut, having once provided the elec¬ 
tron-^ their role was merely that of trouble makers, getting in the 
way of the electrons and preventing them from moving about as 
they wished. Rut it now appears that the electrons can not drift 
about without the intervention of the atoms. It is us if the atoms 
hand on I be electrons from one to another when they are lined 
up in certain ways, nr us if there were tracks between the intricate 
maze of quantum orbits within the atom, along which the conduc¬ 
tion electrons may travel, m that there is an opportunity for long 
flights by the electrons when the tracks are properly aligned. All 
of the normal and abnormal effects of pressure arc understandable 
in terms of a picture like this if we only suppose that the atom 
itself* when brought into close proximity to its fellows, behaves 
in the unsimplv way that the facts of compressibility and poly¬ 
morphic transition compel us to suppose* It is natural to suppose 
that these definite tracks are in some way connected with quantum 
conditions, and perhaps with high quantum numbers, but the de¬ 
tails arc too complicated for our working out at present. 

The effects of pressure on thermal e. in. f. I have not Attempted 
to incorporate into any definite theory, but they do suggest one 
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import ant point of view. The pressure effects nre eoiiipliejifced, 
there being maxima, minima* and complicated temperature effects 
We do not in general expect that .so simple a thing ns n hydro¬ 
static pressure will produce complicated effects, unless these effects 
involve a complicated mechanism. I have therefore drawn the 
conclusion that the l.herimil ^ iil f r mecliankiu must be compara¬ 
tively complicated, and nut the simple thing supposed by the classi¬ 
cal theory: this I have considered sufficient justification for not 
attempting to explain thermal e. m. f. in a first simple theory of 
(he electrical properties of metals. 

We pass now from the electrical properties to the thermal prop- 
firths fpf metals. It is well known that there is a close relation 
between electrical and thermal conductivity, which is expressed in 
the law of IV ted e nisi mi-Km nz. The behavior of thermal conduc¬ 
tivity under pressure shows that, although the relation may be close, 
there are other factors which have been insufficiently considered. 

I lie thermal conductivity of most metals increases under pressure, 
but that of some defeases, and for the most of them the change of 
electrical conductivity i* greater than that of thermal. Tlie reason 
for the difference in doubtless to \w found in the contribution made 
lo llieiiiinl Conductivity by the atoms ns distinguished from the 
electrons; but a consideration of lUunarieal values siiggeets that, the 
atomic part may be greater than hm been supposed. 

The thermal conductivity of minerals has been measured under 
pressure* a matter of importance to geophysicists. It lias been found 
that in genera! (he thermal conductivity of mim-rids increases under 
pressure, but the increases arc not large enough to demand serious 
modification in our ordinary geological arguments* except possibly 
at great depths. 

The effect of pressure on the thermal conductivity of liquids is 
interesting because it is so large; I^OfJQ kg, increases the conductivity 
by from two to threefold. In speculating as to the reasons for this, 
it appears that there is u very intimate connection with the velocity 
of sound. Entirely apart from the pressure effects, a reexamination 
of the old facts with the new bias given by the pressure measurements 
has shown that the main mechanism of thermal conduction in a 
liquid is of surprising simplicity, being a sort of combination of 
the kinetic mechanism of a gas and the elastic wave mechanism of 
a crystalline solid. If we conceive of each molecule of the liquid as 
I massing the kinetic energy of temperature agitation demanded bv 
kinetic theory, and handing this energy on to its neighbors with the 
velocity of an elastic wave of small dimensions—that is, with (he 
velocity of sound—wo shall account almost entirely for the thermal 
conductivity of ordinary Liquids. 
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A pun. from tin? various effect* which have been pleasured tw> 
i iirEtirlv, i^asultti obtained under high pressure* suggesl other new 
point* of view. Thus in the preliminnrj wnrk, before I had found 
out how to make tight joints, or had learned what the capabilities 
of steel cylinders were in wlthst&juLjng pressure, X observed u number 
of different type* of rupture under unusual conditions, which are of 
some interest to the engineer. By selecting results under different 
conditions, it was po^ible hi show that none of the ordinarily 
accepted criteria of rupture are valid except under restricted cireum- 
stanees. The general, and therefore the significant, conditions of 
rupture are yet to be formulated. 

Finally, we may glance at what remains to be done. Although 
the most readily obtainable result* have been secured, the subject hits 
not been more than begun. It becomes more and mom irnpressed 
upon mo that significant results are to be found in little frequented 
places, as, for instance^ by working on nude rial* that have extreme 
properties or in going to extreme temperatures. Thus, quite recently, 
this led me in determine the properties of crosium, the most com¬ 
pressible of the metal*, with the extremely suggestive discovery of 
minimum resistance. The same sort of thing is to be done with 
many other materials of unusual properties. The extension of these 
high-pressure result* to temperatures near the absolute zero, where 
phenomena assume an unwonted simplicity because of the absence 
id temperature agitation, will doubtless be of extreme importance, 
Results just as important He also at high temperature*, a most 
difficult field, which the Geophysical Laboratory is skilfully 
attacking, Interesting special results may be found; the will-oMhe- 
wisp of manufactured diamonds is always before u& Without 
doubt, important practical developments lie in a field as yet 
practically untouched, that of organic, colloidal, and biological 
chemistry, it was shown a long while ago, at flic West Virginia 
Agricultural Experiment Station, that high pressures will sterilize 
milk, I have found that high presence* in the cold will also coagu¬ 
late rgg white, or the proteids of meat. Here is an enormous field 
untouched* We ought to know the effect of pressure on every sub¬ 
stance of biological significance, just as we now know the effect of 
an elevation of temperature, and wc may anticipate that important 
changes «r combinations may be produced by pressure, just as they 
are now produced by temperature. 

On the purely physical side, the field is immense. Entirely apart 
front new’ experimental knowledge t we can not be satisfied with any 
theory which does not adequately explain the effects of high pressure 
already known, end conversely I venture to hope that them phe¬ 
nomena of high pressuitr may play an increasing part in Formulat¬ 
ing more adequate theories of the structure of matter. 
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I. IsiHEOrPU4TloN 

For ii 11 ml^r of years the author lias been actively engaged in 
research in various high-voltage phenomena. This work has been 
done from the standpoint of pure research to determine fundamental 
principles and from the standpoint of practice to better the insula¬ 
tion of apparatus, to extend transmission voltages, and to determine 
means of protecting traitstnbsion lines ami buildings from lightning. 
By combining pure and applied research a much broader view is 
obtained, and lhero is no better test of theory than to attempt to 
apply it to practice in n simple way. It will often be found that 
essential factors have been overlooked. 

In the following discussion the practical as well as the theoret¬ 
ical viewpoint will be kepi in mind, 

II. Hron-VoLTAuu Phenomena 

High electric pressure or voltages arc necessary for economical long 
distance transmission T hilt when such voltages are used wilJiout 
proper precautions in design the energy may leak away from the 
lines with a hissing noise in the corona* The corona is a beautiful 
crown of light surrounding the conductors and is a manifestation 
of the ions and electrons moving in the electric field. 

The sparking distance is also of theoretical and practical import- 
once. 

Laws of corona, sparking curves, etc** wore established at the com¬ 
paratively low voltages of the order of 250,000. These were suc¬ 
cessfully applied to 220*00Cbvolt transmission lines. 

III. Research at High 00-Ctcle Voltages 

Within the last few' years the work has been extended to voltages 
1,000,000 volte above ground, 1*500,000 single-piin~so and over 
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j*moW> 3-phnac C0~cyck root moan square values/ It wm of inter¬ 
est to find if the law* and curves established at the lower voltages 
still applied at the very high voltages. The results of some of the 
very high fi0-cy<de tests will now \m described. 

oohona 

When voltage is applied between certain types of conductors, as, 
for instance, parallel wires a considerable distance apart compared 
to their diameters, and is gradually increased. a crown of light sud¬ 
denly bursts out around the conductors at a very definite critical 
voltage. The light is accompanied by a hissing noise. This is called 
corona. As the voltage is increased, the corona extends farther and 
farther out until finally a spark extends from metal to nietab The 
air is said to be ionized in tlm corona brush. The sudden outburst 
occurs when the voltage gradient at the conductor surface, where 
it Is greatest, is sufficient to bring the ions and electrons up to suffi¬ 
cient velocity in their mead free path to produce others by collision 
with atoms. Certain chemical changes take place in the air in the for¬ 
mation of ozone and nitrous ox idea Corona and brush discharges are 
the same phenomena* In fact, corona and spark-over are also the 
same* The brush or corona are sparks to space. On relatively large 
electrodes placed does together the intermediate corona can not form 
and I he first evidence of over st res* i? a spark between conductors. 
The reason for this is known. With certain conductor configurations 
any increase in the conductor diameter tends to reduce the stress. 
The corona extends out and stops when the diameter is .such that the 
stress is below the breakdown A ross. With other types of electrodes, 
an increase in diameter tenths to increase the stress A brush once 
started must, therefore, extend directly between electrodes. The 
first type is changed into the second tyj>e with increasing voltage 
anti the resulting extension of corona* 

Corona starts at a very definite voltage. Several years ago a 
law was established for calculating this critical starting voltage 
for parallel wires based upon testa up to 25^000 volts. The factors 
determining the critical voltage are diameter, spacing, roughness 
of surface* and temperature and barometric pressure. The diameter 
of the conductor is the most important factor* A law was also 
established to [irodetermiue the loss caused by corona. There is 
nii appreciable loss until the critical voltage is reached. The loss 
then increases as the i#|iEure of the excess voltage above the critical 
voltage. 
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Thu mechanism of the corona is of extreme theoretical interest. 
There is also a practical interest because the laws nf comma arc 
very important in the design of high-voltage tnuwuission lines. 
It is important to select the conductor* so that a large percentage 
uf the energy k not lost in the corona. A physical idea of what 
this means may be of interest. A SKOjOlXhvtilf transmission line 
requires a conductor about l inch in diameter to prevent corona 
loss, while a million-volt line would require a conductor about I5J> 
inches in diameter. 

High voltages arc economical when there is considerable power 
to transmit a considerable distance, 990*000 volts is economical 
when power of the order of 50,000 to kilowatts is available 

to transmit distances of the order of 90U miles. With a million 
volts it would he possible to transmit 9,000,000 kilowatts 1,000 miles 
with about 19 per cent loss, Lksittg copper section equivalent to 
the 1 inch, 220-Kv< cables The copper would of necessity be put 
in tiie form of a hullow tube to obtain the 6.5 inches diameter re¬ 
quired by corona loss. There k T at present, no apparent economic 
need for l f 000 t 000-volt transmission. 

The laws of corona established at lhe lower voltages were found 
to hold at the higher voltages. 

Figure I shows the corona discharge from one of two parallel 
wires* while 'Fable 1 shows good agreement between measured and 
calculated corona starting voltages for different electrodes. 
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ePARK-OVUB 

The sparking distance between electrodes has been used for meas¬ 
uring high voltages, 

A study of sparking distance is also of considurable theoretical 
interest and of practical interest in electrifid design. It in neces¬ 
sary to know the sparking distances in order to supply sufficient 
clearances. The actual length of the spark for a given voltage de¬ 
pends upon the electrodes used ami the temperature anil barometric 
pressures, 

A given voltage will spark the greatest distance between needle 
points ami the mini mum distance between planes and large spheres. 



This follows because the electrical stress is very unevenly distributed 
on the dielectric for needles and quite evenly distributed* for spheres* 
For needJes t (lie stress is greatest at the points where a corona 
brush always occurs at voltages much lower than the sparking 
voltages. 

Fi-sitf at the very high voltages show that the laws and curves 
rstab]idled at the lower voltages still hold. This is best illustrated 
in the curves that follow. 


NEELhLE OAF 

The needle gap spark-over curve is given in Figure 2 up to 
1 ,500)000 volts effective* It will be noted that the curve is continu¬ 
ous from Hie low to high voltages. There is considerable variation in 


















































































LIGHTNING—PEEK 173 

lliis curve with atmospheric conditions. Figure ,'t shows n single* 
pha.se spark-over at 1,500,000 volts. 

HI'IIEKES 

'fixe spark-over voltage curve for spheres is given in Figure 4. 
The values follow the equation established nt the lower voltage. 

insulator spark-over 

Figure 5 gives the spark over values fnr standard 10-inch disk* 
suspension insulators. The curves are continuous from the lowest 
voltage to the highest voltage. 

THREE-PHASE AllOS 

Power is usually transmitted three-phase. Investigations were 
made of three-phase arcs. The standard arrangement was to place 
the three electrodes in the corners of an equilateral triangle. 

The pecu lari tire of the three-phase arc and corona are that the 
voltages are usually lower tlmn fnr single-phase: the sport forms 
in a Y if there is no dissymetry: the spark dnes not take place at 
the instant of maximum voltage 1x4ween conductors but at the 
maxi mum voltage to neutral. A three-phase arc is shown in Fig¬ 
ure 0 . 

'Hie 60-cycle alternating-current arc passes through aero and 
maximum current 120 times a second. When the arc forms it rises 
duo to the heat. This motion, together with the alternating current, 
causes the beautiful lace-like appearance of the airs. The bright 
lines occur at maximum current. 

PRACTICAL VALUE OB' HIGH VOLTAGES 

In addition to its purely theoretical and scientific value just dis¬ 
missed the production of a million volts also has a practical value. 
The immediate practical value is its use in testing 220-kv, apparatus 
with the required factors of safety. With the future in mind it is 
important to learn how lo build transformers best suited for oper¬ 
ating at voltages higher than those used at present. Even the so- 
calhxl theoretical investigations of the present become the practical 
applications of the future. 

PREDATORY VOLTAGES 

The discussion so far has been limited to the useful type of volt¬ 
age used in transmitting energy. The practical Value of the re- 
search was to learn how to use three voltages without loss of energy 
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Plate 2 



Pig 3. Photograph of 1 l 5^.03J volts Effective, or 2.(00.000 Volts 
Maximum, Sjn gle'Phase Arc between points. DISTANCE- (4 feet. 
60 Cycles 





SmithiGnlnn ficiwM. ^25-— PLATE 3 




t LiJ Z * 
<>30 
< 3 

2* a 
8*** 
ut 5 

GT Ifl Q 

y«Sw 

«fS 

rig 

£8«g 

uj 5, 
. cn i 

u.e^« 

?o3a 

£>32 

4 r £ i 

u 1 _ 

U w a: 

O. -j 


^ I 


«iu £! £ y 

IL. JO 
dO HI um 

Z 















SrfiltMSftiqn R«wn IflJS 


PLATE A 


Fits. 0. Wood Split av Artificial Lightning 
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Plate 5 
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Into the air and to prevent breakdown by spark-over* In addition 
it: is necessary to learn how to prevent destruction by certain preda¬ 
tory voltages such as lightning. 

IV. Liuhtmncj 

A lightning stroke is generally thought of as a local hut severe 
high-voltage discharge from some cloud. As a mat ter of fact* the 
electric energy that manifests itself in the Hash is* in the moment 
previous to the flash* stored in the surrounding air for a consider¬ 
able distance, The thunder cloud eats us one plate of a huge con¬ 
denser, the earth as the Other* while the intervening air is the 
insulation. When (lie voltage between earth and cloud becomes 
high enough, this insulation breaks down and the energy is dissi¬ 
pated in lIic short-circuit or lightning flash. 

The electrical energy is changed into heat* light, sound* and 
chemical energy. The light is seen in the Hash* while the sound 
is heard as thunder, Thunder is caused by air wives set up by the 
explosive nature of the discharge. 

The chemical effects: of the lightning stroke are often detected by 
our senses m the odor of ozone that is frequently noticeable after 
n stornn The chemical changes occur in the path of the discharge. 
The two main gases in the air are nitrogen and oxygen. Each 
molecule of oxygen is normally made up of two atoms. The electric 
field tears the.se apart. Some of these single atoms recombine in 
groups of three. Oxygen with a mol tide made up in this way hi 
called ozone. It is very active chemically because the extra atom 
is easily detached. The nitrogen of the air is also made to combine 
with the oxygen, producing nitrous oxide and* in the presence of 
vapor* nitric acid. Along the discharge path are Untold numbers 
of electrons and ions—chunks of electricity moving at cn urinous 
velocities. 

Idle voltage between cloud and ground previous to the discharge 
causes voltage between diirei^ent parts of the atmosphere, Right 
under the cloud the voltage gradient or the voltage difference per 
foot of air measured in a vertical direction may be very high. In 
fact, a certain percentage of the lightning voltage exists between 
earth and any point above. 

Lightning, the disorderly* predatory form of electricity* is dan¬ 
gerous, not because of its enormous energy but because of its enor- 
motiH power and u flighty " habits. The distinction between energy 
and power is that energy is measured in kilowatt-seconds or kilowatt- 
hours, while power is measured In kilowatts. Kilowatts measure the 
rate ut which work h> being done. If energy is dissipates! in a very 
short time the pow v er is large and the result an explosion. 
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When lightning strikes an object great damage i$ generally done. 
However, it is not necessary for lightning to actually strike mi object 
to cniisr damage. A discharge to earth may can so sparks in distant 
oil tanks or powder mazaglncs or destructive voltages o to transmis¬ 
sion lines. Voltages that occur by this a wirdefts'' action are said to 
be induced. 

LIGHTNING RESEARCH 

A study of lightning is of scientific importance because there is 
manifest in the flush the dynamic effect of the electrons and ions, 
I he rlrmeiihd bricks of which it is believed that alt matter is made; 
it is of engineering importance because an exact knowledge of the 
eharacterbtics of lightning will make it possible to protect life, 
buildings, powder magusinett, oil tanks, ami hammriKsioii lines against 
it, Tim ideal method of making studl a study is by observeturns of 
natural lightning in the field anti researc hes with ariilieinl lightning 
In t he laboratory. Such n coin I lined study was made in the laboratory 
mill in the mountains of Colorado. 

TWO MILUOX VOLT MUHTtflNU GENERATOR 

The artificial lightning was produced by a lightning generator 
which supplier 2,oiNMK'MJ volts above ground, higher than most volt¬ 
age.'’ induced on transmission lines. (See fig* T.) The disciiurge 
from the lightning generator produces a loud, sharp explosive re¬ 
port. and the power is of the order of millions of kilowatts for a 
few millionths of u scromb Currents as high as 10,000 amperes 
have been obtained* The voltages increase at the rate of millions 
of volts per second* In common with natural lightning, arlUichii 
lightning his interesting characteristics. 

The large, wooden posts shown in Figure 8 were split by a 
1^500,000-vott discharge. Longitudinally through the center of the 
stick is a bole of less than one thirty-secondth Inch (0*8 mm*} in 
diameter. The wood around this hole has a u fuzzy " appearance, 
but does not appear burned. Immediately after being blown apart 
the wood bus an odor of the gases uf destructive distillation. Ap¬ 
parently these gases are formed suddenly by the discharge, ami pro¬ 
duce such high pressures that the wood is blown apart with great 
violence. 

Even metal may be u punctured/ 1 sls shown In Figure 0* In this 
case the metal formed a coating on a glass plate* The lightning 
discharge punctured the plate to the metal. The holes wen, 1 * appar¬ 
ently caused by the sudden formation of gaaes between the metal 
and the glass. A discharge striking through water disrupts It in 
much ttie. same manner a* oil is disrupted at CO-cycle voltages. 
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When lightning strikes the earth at some sandy spot its path is 
often defined by si glosslike tube, This tube, which may hare 
lii^nrhes like a tree* is, in fact, sand fused into “gloss” by the 
lightning current. Such lubes are called tl fulgurites/’ and can be 
produced by artificial lightning. 

Because of the transient and explosive nature of lightning some 
quite unexpected phenomena frequently happen. Data will now be 
given on typical types of gaps, the needle gap representing I he non- 
uniform Add type, the sphere gap the uniform field, and the insu¬ 
lator representing the surface discharge. 

Figures 10,11, and 1*2 give characteristic sparks. 

The lightning generator consists of high-capacity condensers just 
as in the case of the clouds, only-the insulation is glass instead of 
air and it is relatively more compact* As in the case of the cloud 
lightning, the electricity is stored, at a relatively slow rate and dis¬ 
charged at an enonuoualy rapid rate in a few millionths of a second. 

The lightning generator Inis been of considerable help in gaining a 
knowledge of natural lightning. In fact, it has afforded a means of 
estimating the voltage of a real lightning stroke* The means was 
very simple and will be cited as an example of the general method of 
the research, which was to observe natural lightning and then ob¬ 
serve artificial lightning nn models built to scale in the laboratory. 
Actually, the function of the model is to solve electrostatic problems 
that are difficult tu calculate, 

THE VOLTAGE AND EXEKGV OF NATURAL LIGHTNING 

It was shown in the experiments at the very high voltages that 
approximately 150.000 volt# maximum are required for every foot of 
spark. While this rule was found to apply up to the very highest 
laboratory voltage of about 3j000 3 000 maximum, it in itself gave no 
assurance that it would apply indefinitely, so that the voltage of 
lightning could be found by multiplying the length of the Hash by 
the factor. However, an experiment which seems to offer an almost 
direct means of measuring lightning voltages will be described* 
When a lightning flash occurs within a certain distance of a trans¬ 
mission line, a certain jiercentage of the voltage of the bolt is in¬ 
duced on the line. The voltage of the fxilt can not be measured, but 
its distance from List* line and height of cloud can be estimated. 
The actual voltage induced on die line can be measured by gaps or 
estimated from insulator flush-overs. The author has measured 
lightning voltages on transmission lines In Colorado as high us 

*A fuF] i^rhkih'Eil i|rtcf||pl|uii vf Tli* UetitbiDir fipnrralur it HE k r-iKFnd Kb Lhe ptpen 
Fffrmsl |* |b Not* 1. 
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rMiu/KJO; insulator flmsh-oveng by lightning have occasionally indi¬ 
cated voltages as high as lJSOO/ffl) or more* 

A model was made to scale representing cloud and transmission 
line for a certain observed condition. By means of the lightning 
generator it was found that when a flash occurred from this model 
cloud l per cent of its voltage was induced on the model line. But 
it is known by observation that the voltage induced on an actual 
line under similar conditions is sometimes of the order of l,O0fl/K)0. 
If eliis is 1 per cent of the voltage of an actual lightning flash, the 
voltage of tlio flash must be 1 TO, (XX) ,000 volts (fig, 1-i). This gives 
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a voltage of 10Q/WK) per foot of spark (330 kv. im), which, con¬ 
sidering the possible error, indicates that die needle gup-spark 
curve may hold even nt these extreme voltages. In fact, n value 
somewhat tower than die 150/XX) volts per foot (495 kv, m.) of the 
laboratory would lie expected, since the flush starts at the low-air 
density of the high altitudes. Time required to discharge would also 
indicate a reduced gradient. It lias been the opinion of many 
observers that the voltage of lightning is relatively low or that the 
flash, once started, would extend great distances at low voltages by 
some progressive action. Progressive action is readily understood 
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wile re the spark takes place over a scries of clouds by u multi''tip 
net ion anti cun, in fact, be shown in the laboratory. When the 
Hash is from cloud to ground or from one cloud to another through 
dear air. as is usual with lightning, it is not dear how progressive 
action can occur. While the field produced by the charge is fairly 
uniform, it is probable that at the instant liefure spark-over a 
need [dike streamer forms and breakdown then corresponds to the 
needle-gap distance. Needle-gap spark-over requires less than 31) 
per rent uf the 30 kv./cm. required for uniform field. The spark¬ 
ing distance should usually correspond to a continuous voltage, 
because there is generally no large transient until after the spark 
starts. 

It thus appears, by approximately direct measurement, that the 
order of voltage of a severe lightning stroke to ground may be 



PUl. 14 

about 100(000,WH). This is about one million times (he voltage of 
the ordinary lighting circuit or one thousand times the voltage of 
a very high voltage transmission line. The lightning voltage dur¬ 
ing n storm will, of course, vary over a very wide range, sometimes 
much higher but generally lower than the value above, [t lias been 
observed that during a severe thunderstorm there may be many 
induced strokes at very low voltages, a less numlwr of moderate 
voltages, and so on to very few at the extreme voltages. 

It will be noted that the above conditions require a gradient of 
100 kv./ft, (330 kv,/m.) in the most dense part of the electric field 
where the flash occurs and a gradient of less than a third of this 
a short distance away. See Figure 14, whore the gradients are 
given for points near the surface of the earth. 

It is estimated from the voltage and the siae and height of the 
clouds that the current is of the order of 80,000 amperes ami the 
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•fierpv tftfBi h> kilowatt seconds or kilowatt-hcnirs. This energy 
in Mdlicient to operate an automobile about ft mOes nr an electric 
toaster fur a day. Since this energy is disupoted in a very short 
tiiiiCj the poorer may be several thousand mill inn kilowatts or horse¬ 
power* The effect ip thus explosive Jtnd destructive- 
The discharge uf Ihe doud is probably generally nonoseUlutory 
and lakes place m the manner shown in Figure IB. A convenient 
measure of time is the microsecond or millionth of a second. The 



time uf discharge may lie very much longer if the resistance uf the 
path is higher. 

11 may be uf inttftest to point out that the voltage of the light- 
ning generator is about y [ht cent and the power about 0.03 per 
cent of natural l igh tiling* This practically corresponds to the light¬ 
ning energy that appears on transmission lines. 

LIGHTNING ON TRANSMISSION LINKS 

lightning disturbances oil iraiisinissioii lines occur by elec- 
irusitdic im hurt ion and not by direct stroke, A charged cloud causes 
an electrostatic field to earth. Part of the held will terminate on 
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a transmission line within its area. The line is said to have a 
u hound charge/ 9 If tin? voltage between earth And cloud becomes 
high enough, a lightning tinsh will occur. Although this flash may 
be n mile away from the line, the charge on the line is released 
and the insulated lino increases from earth potential to some value 
above with polarity opposite to that of the cloud. An insulated 
line can bo at earth potential just previous to the discharge because 
of the effect of the Jong part of the line not under the cloud, leak¬ 
age over insulators, or thru ugh grounded neutral. A charge of the 
same sign ns the cloud leaks nway leaving a bound charge on the 
line with sign opposite lu that of lhe cloud. The line remains at 
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earth potential until the cloud discharges. The effect is then of a 
voltage suddenly applied between line and ground. The voltage of 
the line becomes maxi mum when the cloud voltage becomes zero. 
The manner in which the voltage increases on the line with decrease 
m voltage ou the cloud is shown in Figure 1ft. The field that ex¬ 
tended between line and cloud now extends between line and ground. 
The voltage wave travels over the line at the velocity of light. If 
the line insulators are strong enough or have a high enough impulse 
ratio, the impulse may travel to lhe power house to break down 
apparatus or to be harmlessly discharged to ground over the ar¬ 
rester, if it has low reactance and low' impulse ratio. As this light¬ 
ning wave travels over the line it becomes gradually dissipated 
TUCK 1—30-13 
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by losses The voltage that the line assumes at the instant of a 
sudden discharge is that of the etjiiipotential surface at the point 
in which the line is located. This is approximately the gradient 
in kilovolts per foot Limes die height in feet. This is a ceriuiji 
percentage of the voltage of the lightning bolt. In studies in Colo¬ 
rado. as already .Luted, the author has actually measured induced 
lightning voltages on transmission lines as high as 500,000 volte 
Insulator llash-overs have occurred that indicate induced voltages 
ns high us ].,5OD)0[tfJ volts, although the greater percentage of ynlt 
agew induced on transmission lines are very much lower than this, 
iliese figures, u.s already shown, ulTord a means of estimating the 
voltage of a lightning flash, 

THTI MAXIMUM VOLTAGE ON TUANSMISsJON LINES 

From the above it is apparent that the maximum lightning voltage 
lhat can appear on a iranstfllafiion line under given conditions de- 
pends directly upon the height of the line, The maximum voltage 
that can appear on any line b equal to the maximum possible 
gradient of 100 kilovolts per (wit or iD0 s 00Q volts per foot times the 
height of the line in fecL This extreme condition seldom occurs 
because if requires the discharge to take place at a very rapid rate in 
the immediate vicinity of the line, practically a direct stroke. The 
champs of flu. condition are remote because a hen the storm renter 
is only n quarter of u mile away the gradient is reduced to om third, 

11 muy also bo reduced by a slow discharging cloud permitting a 
considerable dispersal of the charge along the line. Apparent 
gradients of 20,000 to 30,00(5 volt, per foot are fairly common on 
actual lines. The tabulation in Figure 14 shows the induced light¬ 
ning voltages no a 20-foot transmission line at different distances 
from the rapidly discharged cloud. 

Practically, this shows that u high transmission line b undcsir- 
ftWe from the lightning standpoint It also affords a means nf 
determining die maximum lightning voltage that can appear □ ti a 
trims miss inn line. 

The maximum voltage induced on the line Is I or 2 per of 
the cloud voltage. The energy is of the order of 1,350 watt-seconds, 
Ihc character of the discharge is generally impulsive and readies 
Us maximum in a few microseconds. In fact, it corresponds closely 
to the discharge from the lightning generator in voltage, energy, 
and duration, 4 

TRAVEL OF LIOllTNINCi ON THA NS MINION IAHT# 

A lightning disturbance travels gver tht- line nt the velocity of 
Ji-ht, uod is dissipated to a considerable cstent by losses; it may 
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Fid. is. Short Section: qf a Three-Phase lime with Overhead 
Ground Wire upon Which a Study Was Made of induced voltages 
by Lightning 
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double tu value when it strikes the etui of the line where it starts 
bark, If the voltage is high enough it may break down insulators 
or discharge over an arrester. If no break occurs it is eventually dis¬ 
sipated by losses. The change in shape and voltage; of lightning 
waves traveling along trsawiission lines at miles per second 

has been measured in the laboratory. 

The Strength of the insulation of lines operating at various 
voltages was determined by measurements with artiticisiI lightning. 
Rv comparing the insulation strength with the max in mm lightning 
voltage tho ability to withstand lightning wsa determined. 

thk UBonjm wihe 

When a grounded wire is placed near and parallel to the trans¬ 
mission wires it has a marked effect on the induced voltages. The 
effect of the ground wire was studied on models to scale. The dia¬ 
grammatic arrangement is shown m l'ignre 17. while the actual 
models arc shown in Figures 18. in. and SO. 
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The method of making the test was to measure the induced 
voltages on the mode! line with and without ,i ground wire. In 
general the single ground wire reduces the induced lightning voltage 
to one-half, two to one-third, end three to one-fourth. Very good 
connections must l>e made to ground. T he ground nrira thus nITetu 
mi important practicable means of reducing lightning voltages. 
It is also i in pot la nt in case of a direct stroke, when the ground wire 
is struck 1*8 per cent of the time. 

IXSULATINU A TRAN?WISStOS f.IXE TO WITHSTAND [JOHTNTXO 

The investigation has shown the maximum lightning voltages 
that can occur <tn transmits ion lines with and without a ground 
wire. It is of interest to compare these voltages with the lightning 
insulator jj rc-over voltages for modern Iransuussion hues. 

The lightning spark over voltage fur insulators and the light¬ 
ning breakdown voltage for insulation is always higher than for 
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steady voltages. In fact, this is true for all transient voltages 
that am occur on transmission lines. Rain lowers the arc-over 
voltage of insulators at 60 cycles, but does not reduce the lightning 
spark-over voltage. The curves of insulator spark-over voltages 
for transient and operating conditions are given in Figure 2L 
The transient voltage curves cover the range of lightning, 
switching surges, and surges due to arcing grounds. The surges 
other than lightning are limited in value by the line voltage. Ex¬ 
cept as it is affected by the height of tower, lightning is independent 
of line voltage. It is the determining factor in insulation. 



The lightning flash-over voltage of insulators is plotted with 
operating voltage in Figure 32, On this same figure are plotted 
curves of the probable highest lightning voltage for lines with 
and without ground wires. A direct stroke on a line without a 
ground wire cum voltages much higher than the insulator arc- 
over voltage. The second curve down represents the usual highest 
voltage on a line without a ground wire. It happens that this 
same curve corresponds to the voltage by a direct stroke on a 
iino with one ground wire. This curve crosses the insulator spark- 
over voltage of 31*0 kv* This indicates that a 220-kr; line without 
a ground wire is not likely to have insulator trouble from lightning 
except in case of direct stroke. It further indicates that a 220-kv. 













































































































UQ H THING-FEEK 


185 


line with ii favorably installed ground wire is not likely to have 
trouble from lightning under any cireoM&tance^ unless the towers 
ere very high. The next curve gives the usual highest voltage 
for a line with one ground wire. Under usual conditions., very little 
trouble should be expected for lines insulated for over 100-kv. opera¬ 
tion. The lowest curve shows that three ground wires reduce the 
probability of lightning to still lower operating voltages. The 
probability of trouble with direct strokes would be reduced in 
proportion. 

The values of voltages taken in the above curves are for the 
most severe storms directly over exposed lines. Such conditions 
inEght not occur during u year or several years. It is a well-estab¬ 
lished fact thaL during any storm there arc likely to be Induced 
many low-voltage impulses, a less number of moderate-voltage 
impulses, and frequently none at high voltage. 
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Lightning voltages are likely to cause high local stress in induc¬ 
tive apparatus such as transformers. In designing inductive appa¬ 
ratus to withstand lightning voltage^ it Is important to prevent 
concentration of stress* This can be done by means of shields. 
Like the ground wire, the action of the shield is preventative. 
Shields have been used on both lino insulations and transformers. 


LIGHTNING Ab&ESTO&S 

Preventive methods of guarding against lightning on transmit 
sion lines, such as ihe ground wire, shields, and extra insulation, 
have already been discussed. The remaining method is the light* 
uing arrester* 

The object of the arrester is to permit transient or other excess 
voltages to discharge to earth and to suppress the dynamic arc that 
follows. Since transient currents are generally high, the arrester 
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must have n low resistance. It must a Iso have a low tune lag* other¬ 
wise the transient voltAgo may rise to high values liefore the dis¬ 
charge occurs* 

Figure 22 shows that the need of an arrester becomes less as the 
operating voltage increases. 

Corona and other losses also rapidly reduce lightning voltages 

OTHER CAIStS nr THOUULK ON TUANSJIJKSUIN LINES 

Most troubles on tmtiMni^ion lines are caused either by lightning 
voltages in excels of the insulation breakdown voltage or to some 
form of dirt thaL lowers the normal breakdown voltage to such 
an extent that failure occurs under normal conditions. 

Certain transient voltages are produced in lines during switch¬ 
ing, etc*, but these iLie usually quite harmless. 

COK0NA AND SPARK OVElt OF LIGHTNING VOLTAGES 

The corona and spark-over voltages due to lightning are usually 
quite different from the continuously applied 60-cycle or direct- 
current voltages. This also applies to liquid anti solid Insulation. 
The lightning voltage is a transient or impulse end in effect is ap¬ 
plied at nn extremely rapid rate. The insulation does not have 
time to break down when its usual breakdown voltage is reached 
bill (he break is immpMod at a later time when the voltage has 
risen to u higher value. The time lag will lie discussed in inure 
detail later. 

TOHONA 

Lightning voltages cause corona in the same manner as continu¬ 
ously applied voltages. Corona produced by lightning voltages 
of leai than a microsecond duration (millionth of n second) cars 
be readily seem It is also easy to tell whether the impulse is posi¬ 
tive nr negative. In general* emona produced by impulse voltages 
follows the same law o* corona produced by ixintinuunsly applied 
voltages. It is of interest that the eye can readily fier corona pro¬ 
duced by voltage of u microsecond duration. 

SrAim OVHH OF NKEULK OAFi 

A typical discharge from the ligbLning generator at IfiQQfiOQ 
volts between [joints is shown in Figure 10. The discharge has a 
zigzag path and chat-urt eristic side ilashes of lightning. The light¬ 
ning spark-over curve for needle gap is given in Figure 23, This 
curve shows that for the particular impulse used (tig. *24) a voltage 
is required approximately times the (KKcyde voltage to spark 
over a given gap. The factor 2*2n is called ihr impulse ratio. 
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LiuHT'SJNU SPANK-OVKft t'lJHVK BET W KEN PoJXTS 
Ftfl, 29 



228 033 036 


Fia. 24 _ Win «hi»f>e Of 1Lgu i ilIu* u*hJ In tlu* lest*. Wave nhnpc No. t. T*a 

mlllLiiij-vciJE Impolite generaL&n 




















































































































Via. '2ti. —Wpbrr* cap ipufc^r euFV& far Qfl qrlta and fur 
ImfHdi* asTct Ng*. i ami 2. W*t« So, 1+ alu^E" hull sieiu wave 
Im junta* - viv« So r 2. ImpuliW! wlilt t;i^<$i frtiJif. Ua i wKb a Jodj: 

Imlt. (TJniitn fiMTP I* for fiO tjr^lca; palntm are far wavea Xoa, 

I idJ 2. np piutrii, J 

voltages for a given gap do not vary over a very wide range of 

transients. 

LINE J XSULATVj&iS 

Investigation ns the lower voltages showed that the wet and dry 
Lightning spark-over voltages of insulators were equal. Tests made 
at the higher voltages confirm these data. Typical SCMjyde and 
lightning arcing characteristics for shielded and nonshielded insu¬ 
lator strings are shown in Figures 27 and 28. The shield consists 
of a dice ill ring at the line end of the string. It serves to distribute 
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the voltage evenly between the units as well us to direct the an 1 
u way from the string 

These tests are of practical importance, since lightning voltages 
higher than these rarely occur on operating transmission lines. The 
lightning spark-over voltage was found to be twice the G0~cychi 
spark-over voltage. The impulse ratio was increased by the shield. 
The wet and dry lightning Bashes clear the shielded string while 
on the noiishioldod string the Bash cascades and is likely to rip <*G 
the skirts. 

It will l>e noted that the three typical gap arrangements have dif¬ 
ferent characteristics. Roth the needle gap and die insulators 
require a lightning voltage about double the 00-cycle voltage to 





Fin. SSfl,—NredfiNgBp rfarfc-orfT cHrm-i far CO cjtIh a,rail fur Lispra!*? 

Nop, 1 tail 3. Wave No. 1, ilnxU* half bJh* ware Impugn 
wire No. 2 , Ifflpalit witb Pti-iT l rchbL but wHti a la&£ (nil 


cause spark over, while the sphere spark-over voltage is the same 
for GO-cycle and a wide range of impulse voltages. This character¬ 
istic is of great practical importance, since it is desirable to have 
fin arrester gap that discharges at a low lightning voltage and to 
design insulators that have a high lightning spark-over voltage. 
The reason for this is time lag, and it seems worth while to discuss 
it briefly, 

TIME LAO 


A fixed minimum voltage is required to spark over a given gap 
when the time of application is not limited Energy is necessary to 
niphire gaseous, liquid, and solid insulation; this introduces * time 
element. 
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Ritfarting to Figure 2U the spark-over voltage of ei given needle 
gup is * t1 jithI always practically cottsLnnt if the time of application 
is not limited. Spark over may Luke place after the contiimoTiBly 
applied voltage e t has been on for some time t % . If si voltage increas¬ 
ing at u rapid rate, us represented by A in Figure 29, is oppIiGcl, 
spark over will not take place when the continuously applied spark- 
over voltage *■, is readied, m the time t 1 is required ul this voltage. 
The spark will begin to form when the voltage reaches the value 
*si however. The voltage will, therefore, rise above c lf and apark 
over will hike place nfler the litoe K hns elapsed anil the voltage 
his risen h» c s , When the voltage is applied nt a more rapid rote 
along wave /f, the spark, ns before 1 will begin to form when voltage 
c,i is readied. The voltage will continue to rise and reach some 





I'EiL 1U.- -llljiffaffliiutk UicmruJcm of why Hip UbMuIde or ImpnEiH apicLovtr 
tpltfltT !■ tilffhrr tbiin the ^ntiDuoujEf 


value e, during the time t 3 before the spark over occurs. Thus, on 
account of the time tog. when voltage is applied at a very rapid rate, 
as by an impulse, spark over does not occur when the continuously 
applied breakdown voltage ss reached. The voltage *' overshoots ” 
this value during the time that rupture Is taking place. The excess 
in voltage is greater, and the time lag less, the greater the rate of 
application. The time lag for any given gap or insulation has thus 
not a fixed value but depends on the wave shape of the impulse or 
rale of application of the voltage. In making n study of such phe¬ 
nomena it is necessary to use certain definite wave shapes. Figure 
tltl shows the impulse voltage-time characteristic for needle gaps. 
The impulses used in this test wen* single half cycles of sine waves. 
Note that the impulse spark-over voltage is not greatly above the 
continuously applied or 60-cyule voltage when the time is over f* 
microseconds; that is, when the time of application is comparatively 
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Plate 9 
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FiQ. 27. Sixty Cycle Spark-Dver of Suspension Insulator Strings 

A IS r* sporlc-nver on a aoRahlrMM rtr.in*. \um ili.it air raKatta Im4Lt ilL-shle! ibr riusrr 
1 1 nsl b of strtflf. If, Dr> ftfwtfffc-rv%tF on i firing ahlrldfrl "Ail h the Hoe ehlpUI. Kob that itn- 
rbliFa r*lrLn*. T, tt>t siwk^Vlf iKI iL Mflh|£ ibSi'IJul wLth |b* rUl£ shields Art 
ETiewits ilrlif E.b“n immfcdJuErly tmiuifrt ItM-lf Hmr n| ^trirvE 
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Fig, 23, LiqhthiN3 Spark^Oyer of Suspension. Insulator strings 

t. J)rv ipuffc-nytr cm * ncn£hlridtd ftring. Notr that thn in l*idly >tUinir Hir 

le-nicih ill lulrhf. Vi^-nifp»i,2£iti r *N#j v<du. j., Pry ipar fc-e rar ph i nt-rim Mifetde-l wlilt th- 
niifr Uiif hi, N ntr r h*i t t hr- art: elwiro Hi* strinc, Y of Luge— i ,331,1.100 v*l Li t\ W«t ipark -*■ wr 
■i a 'J HEfini sWrfrlfrj With E fcui f LUil f.fi If Id. N‘uEp I lust jut y|fi,Lr7, Shr ■•Crizm Vnh»ip- j ^UO.W j 
\otP. nlm r Itr drip .ilcHLit llir -Mrlng awl fclw hiJfidjTj|K whMl iHHh^C jk La lionary In 
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FlQ. 32. LlOhTN IH.0 DOES HQT ALWAYS H» T THE HlCNESJ POIHT 
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Fig, aa -Artificial LiDHTHmra Stroke from the 2.003.003-volt Light¬ 
ning Generator striking house and Church of Model village 
During Stud* of Lightning protection of Buildings 
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lonjr there- may la- « considerable variation <if this time without an 
appreciable change in the spark-over voltage. The continuously 
applied (GOcycle, or »/—c, where heating docs not occur) spark-over 
voltage is the lowest voltage at which spark over can take place. 


Kjt. M! -CiiDliEiumiMj' ai^llicl A Dll Impolite vultsi £*.■■+ t& jiiil firlir ipdrk dvct 
yf tt l&fUd. betwieq n,p«|ledi 

aL the same iute as wave f I) but hm u flat top* or is of much longer 
duration. Of the tw waves shown in Figure $i the voltage required 
to spark over a given gap Is higher for the one of shorter Juration 
or for wave {!}« Jo this figure, where actual test data are given 
for a IQ-era. gap between needles, spark over results at ISO kv. for 


Fio. 30.—Timu nflJ toilBjie to hpqtk <nfff enm vffji i ilnv WDV« Lm fin I Hr 


H aves (1) and (i£) I lig. 31) show actual ware shapes used in ob- 
luiniiig data given in Figures 25 and 20, Wave (1) is equivalent 
to u single half cycle of a sine wave) wave 12) rises to a maximum 
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wave (ij, while for wave (2) spark over results at 101 kv. 'I he 
spark over at 00 cycles is 75 kv. The time that wave lit is above 
the continuously applied breakdown voltage is microsecontJ«, 
wave (2), 2.70 microseconds. The impulse and continuously applied 
needle gap spark-over curves are given in Figure 20. An examina¬ 
tion of Figure 20 shows Lb at the impulse spark-over voltage of 
needles is always higher than the continuously applied spark-over 
voltage, for a 10-eni. gap is 1KU kv., or 2.4 times the (jO-ryclc or con¬ 
tinuously applied voltage. 

The time to spark over a gap varies with the sparing mui shape of 
the electrodes. For a given GO-cyete voltage setting the lime re- 



Ftii, 42k—Tint** rajttfc* by JlsItlUlUtf- nwdEfi 


quired to form n spark is greatest for gaps between points and least 
for gaps between well-rounded surfaces. For spheres, the time lag 
is so small that discharge takes place before the impulse voltage can 
rise appreciably shove the continuously applied or 60-cycle spark- 
over voltage. This is shown in Figure 25, where the drawn curve 
is the 60-cycle curve, while the impulse spark-over voltages for waves 
(l) and (2) are represented by crosses and triangles. 

The needle gap requires the maximum time of any gap. as con¬ 
siderable air must be ionized before spark over can result- Another 
wav of considering it is that the corona increases the capacity and 
places resistance in series with it us it forms. It requires time to 
charge a condenser through resistance. 
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On the other hand, spheres ft re very little a Heeled because corona 
docs not precede spark over, and the discharge jh small and confined 
to a short path. The Held is very nearly uniform, and nipt urea 
start everywhere along the path between the electrodes at approxi¬ 
mately the game time. 

THE LICMiTMXG liOD 

A study was made, using models built to scale, 10 determine 
tl ik j protective value of lightning rods. In making these tests, volt¬ 
ages varying from 00 cycles to oscillations and impulses were used. 
The H clouds” were nI*o varied from a point to a large flat plane. 



Fill, 34.—Tatrfvt mitslr tij llghli&lnE' nenllc 


It seems that ail possible conditions were covered by this range, 
and since the gen end behavior of the discharges was the same in 
all cases, it is believed the results apply to actual lightning discharges. 

In making the tests the rod was placed in Lhe center of a large 
piece of drawing paper on a flat plane. Unless oilier wise stated, the 
plane was of metaL The cloud was placed above the rod. The tests 
show that lightning from a cloud overhead docs not always strike 
the highest object. The discharges either took place to the rod or 
to the plane. When the discharge hit the paper a small hole was 
made. A record was thus obtained of the distribution of the dis¬ 
charges. When the cloud was n plane, a small point was placed 
nt its center to represent the storm center. The apparatus is shown 
in Figure 83, while sample charts are shown In Figures 33 and 3-L 
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AABA iBOTECTCD RY A ROD 

The general character of the division of hits between u rod mid 
the surrounding ground is shown in Figure In this specific 


Storm Center 
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example, taken for illustration, the rod located on a conducting 
plane and is LS*1 per cent of the cloud height, in U), Figure 3#, 
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the storm center is located directly above the rod. Under this 
condition S4 per cent of the strokes hit the rod, while 16 per cent 
hit the ground approximately a* shown in the shaded portion. 
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rfjerti are no ground hits in an urea between tbe rod and four rod 
Jengtluj away. This protected area is welt illustrated in Figure 34 
and M't.vns to hold for all conditions as shown in Figure 30. 

The division of hits as the storm renter moves a wav from the rod 
is illustrated in (b) and <ej Figure 3f>. Eventual! v, a distance is 
reached when the rod is no longer struck. This occurs for this 
particular rod when the projection of the storm center is about 30 
per cent of the cloud height away from the rod. There air no 
ground hits closer to the rod than four times its height for the ex- 
Irenes |fiv€n in Figure 35. 


inviflios or hits uktween non akd tutouNU fob heights 

op mm 


t he division of hits between n lightning rod and ground, when the 
rod is located directly under the storm center, is shown in Figure 



16 13 2D 22 24 
vf Cfavd Height 


Fto, 37,—IH* [pi an of tiltp between rod and ground for 
i9 Lffri r+'n i bFi^bta erf rad 


3T. When the rod has zero length, 100 per cent of the hits, of 
course, must strike the ground. When the height of the rod is 1.1 
per cent of the cloud height, the division of hits is equal, while 
all of the strokes go to the red when it is about 2.5 per rent of the 
cloud height. Over this range the ground was never hit nearer to 
the rod than four times its height. 

HITS PF4f UNIT AREA UKDER A STt'HtM CLOUD 

Figure 3H shows the ground hits per unit area at various dis- 
lances from rods of different heights* The rods are directly under 
the storm renter. With rods of aero height 1 per cent of the hits 
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per unit area occur directly under the storm venter. The number 
of hits per unit area decreases rapidly until there are. no hits fit 
iibout 2a per cent of the cloud height away frnii] the renter. With 
n rod IM> per cent fpf the cloud height* 1G per Ccfit of the strokes 
strike the rod (fig. 3-7> s There is a protected nreu where no ground 
hits occur (fig. SSjh The maximum ground hits per unit area, 0.7 
per cent, occur at about 8 per cent of the cloud height from the 
center. No ground hits occur at 25 per rent of cloud height from 
the center, 

CHANCE OF BEING STElH'K 


The above data offer u means of estimating the relative chance 
of objects of different heights being struck during a thunderstorm 
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when the doud is overhead and of sufficient voltage to discharge 
to earth. 

Assume a cloud 1,000 feet high, A 6-foot man on a pJmnc directly 
under the storm center (from fig, 37) would be hit 15 times out of 
every' 100 strokes, while a 25-foot building would be hit every time. 
A man flat on the ground (from fig. 38) would be struck about once 
for every hundred strokes* An 18.5 foot building directly under 
the storm center would be struck 84 limes out of 100 hits. How¬ 
ever, with the storm renter moved only 2DG feet this building would 
not be struck. 
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These data art! useful in determining the l>cst methods of pro¬ 
tection, because they tell what will Imp pen when conditions are such 
that discharges ran take plate to the house or rod under con¬ 
sideration. In other words, the data give the chance of an object 
being struck when It is directly under el clcmd at sufficient potcnlhl 
to cause tt discharge. To determine the chance of any object being 
struck during a year, it is also necessary to know the chance of a 
cloud of sufficiently high potential passing over the object, tt is 
apparent that this chance is usually quite small even when the 
object is located on a plana When mountains, hills, and trees are 
added the chance lie*times still less, 

PROTECTION OF UUlLDDiG 

The lightning rod is of real value in preventing ur limiting dam¬ 
age when a building is struck. Whether or nut it increases lhe 
chance of being struck depends upon circumstanees* It is rather 
doubtful if it often does, as a chimney, grounded gutter, or water 
pipe may be sufficiently conducting to determine the direction of the 
si ioke. 

in deciding upon ft lightning rod the economic factor or the coat 
of protection must In? considered in connection with the probability 
of being struck. It seems that the best result can be obtained with 
plain inconspicuous rods* Ornate rods or rods with special points 
appear to have no advantage. A grounded metal roof would seem 
almost ideal protection. Rods should be installed so that side 
Hushes ure not likely to occur to conducting objects inside or outside 
of the building. When a building is in mi exposed position and 
storms frequently pass over it, it more elaborate out lay for protec¬ 
tion would be justified than in the vmv of an ttneiposod building. 
For instance, a building on a cliff over a valley ©allowed by storms 
would Iw In much greater danger from lightning than a building 
located in the valley. This would be especially so if connections 
were made from the upper building to water level. Lightning rods 
can be arranged to give almost ideal protection when the expense is 
warranted. In the case cited above, a lightning rod located on the 
diff would give good protection to buildings in the valley. It is 
probable that except for building* in exposed positions and for 
special cases as magazines or oil tanka, the oust of even an in ex pen* 
sive rod is not warranted from the standpoint of the cost of in¬ 
surance. 

£ TAJIKS IXS1PE OF MET Ail TANKS 

Tests have lieen made to determine if it is possible to cause sparks 
inside of metal tanks nr rails by direct stroke or by electromagnetic 
76041—29 - 14 
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induction or electrostatic induction. It I ms nut. yet been pojisible to 
obtain sparks between points within ei completely closed metal tank. 
Under certain conditions small sparks have been obtained by electro¬ 
magnetic induction between points in partly inclosed metal strue- 
turea. Sparks are readily obtained within tanks from a grounded 
conductor brought in from ihe outside when it is slightly insulated 
from the tank by oxide or otherwise, The spark occurs by electro¬ 
static induction or when either the wire nr tank is struck. This Ls 
interesting in that sparks may be obtained from a grounded eon- 
duetor. 

The above experiments have a practical value, because they show 
the danger of any lead-in conductors to oil tanks nr magazines. 
They also illustrate the importance of having no projections within 
a tank. For instance, a metal rivet insulated from u tank by oxide 
might cause a sufficient spark to ignite gases within the tank. 
Grounded gauge chains could readily cause internal sparks. 

rwm WT LIUHTNOfO 

It is quite possible to cause tires by lightning by sparks between 
isolated metal parts even when direct strokes do not occur. Some 
model bales of cotton were placed under the model cloud* It was 
found that the cotton could be ignited by sparky electrostatically 
induced between the metal bonding strips. 



CHEMICAL ELEMENTS AND ATOMS > 


A LECTURE DELnEKEIJ ]N H0KCJt( IJF RIL ) F. llultU^LAV II RA UNO: 


By G.TJpal^ 


The Czech Nation* free wi enthusiastic, after the long eelipee 
which it suffered* has resumed again the temporarily broken thread 
of its glorious past. It has regained its political , economical, and 
Intellectual liberty. Its tradition id genius has broken iu shackles. 
But despite its temporary subjection, it has never ceased to hi- active 
The llaiiir of its genius lias constantly burned* despite the storm 
which threatened to extinguish it. Honor will lie forever due the 
Czech University at Prague which has striven unfalteringly and 
without weakness to transmit it to the present generation. 

Bohns!a v Brenner must be cited among those who have devoted 
their lives and energy to the sacred causa of greatness, of conserva¬ 
tion of ideals, and of progress in the domain of physical chemistry. 
Among the chemists of other lands, friends of the Czechs, his name 
is symbolic of the scientific acumen of a race which can be nnlnippy 
with nobility, and being insupprcissible, can not he enslaved. 
Surely the name of Bohuslav Brauner belongs to international 
science; but to French ears it has a certain vigor, suggesting intel¬ 
lectual independence, which is thoroughly Czech. 

For w quarter of & century, my dear Brauner, we have licen related 
in scientific arid personal friendship. Thus I have been able to 
appreciate the grandeur of your vision, the integrity of your charac¬ 
ter. and the many other qualities that I cotikl enumerate did I not 
fear to hurt your modesty. I will at present speak solely of your 
scientific attainments. 

An idealist, you have good taste to the highest degree* and your 
disinterestedness is absolute. In nn epoch when the spirit is at 
times too practical you Set a high standard. You love science for 
itself, for what it reveals of iho illimitable riches of the universe, 
for what it contains of harmony anti logic. The solution of the 
problems which nature sets for us arouses in you true philosophic 
thought. Most of us are concerned with what science can do to 

1 T^isqlitrd Irjr jw mi I Mi ran from R*en*U dr» frivinx ebtmh|i»?4 da Piija Bbji, 41. 
pp, ifl25 T 
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help industry* seeking only for special results. Yaur enthusiastic 
smd generous spirit cares only for know ledge. It was for that rea- 
bvn that when as a young mail I had the gout 1 fortune of iiuikhi" 
your acquaintance, I was charmed at first sight. Our long corre¬ 
spondence, far from altering there first impression s* confirmed them 
into a definite judgment. 

None of the large currents of ideas which have furrowed the 
scientific onward flow of our times has found you indifferent. You 
have been interested in all of them; have followed them when you 
have not hern in the front* It has been not only with kindliness 
find you have looked into the first researches of the younger scien¬ 
tists. From my own experience, you have not been sparing in your 
encouragement find have guided them with good rmunsi'L In sdenre 
you have been not only a creator but also an inspire r* Your per- 
.sonid influence has passed beyond the frontiers of your land* In- 
spirer—that sh the title which fits you, for it hints the radiance of 
a creative power* 

A savant, without doubt* ran know of no greater joy than to sec 
fissembled about him in worshipful mood hss disciples and friends, 
I bring to you, my dear Brauner, not only proof of my own per¬ 
sonal admiration and affection but. also that of a great number of 
distant friends. The Chemical Society of France expresses through 
my voice the feelings they have for their honorary member* I am 
very proud of this mission m the authorized representative uf Lids 
French society, for within it has hcen developed during more than 
half a century a large share of international chemistry, du many 
an occasion there has been presented before it to the scientific world 
important results due to Czech researches. It pays homage to 
your scientific work and takes pleasure in giving you public testi- 
mony of its great esteem. This homage is addressed to you very 
personally; it would have been given without regard to nationality* 
But the French have always bean friends of the Czechs,, and 
to-day that friendship is doubled through an alliance, a reciprocal 
gauge of security. Now that a sincere desire for peace and justice 
at last appears to influence the world, such an alliance should prove 
a mutual aid in the economical and intellectual evolution, of the two 
peoples* The French chemists wish to forge between themselves 
and the Czech chemists intimate bonds passing the bounds of 
friendly courtesy. They fed convinced that you share the desire. 
Such intimacy will favor the growth of intern a ll cm a I science and 
through that aid in the development in all nations of the germs of 
reciprocal esteem* 

t innlly, the president of the International Commission of Ele¬ 
ments renders homage to its dean, who has been one of the most 
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active member* and who inaugurated the era of high precision in 
the determination of atomic weights* 

Tour work upon atomic weights is universally appreciated anti 
probably better known than that upon (he rare earths. Its ob¬ 
jective is broader. Your merit am! high scientific acumen came 
into relief with the publication of your admirable study of atomic 
weights found at the beginning of Abegg“s Encyclopedia of Physi¬ 
cal Chemistry. Whit striking honor this was to a Czech scientist. 

The International Union of Pure and Applied Chemistry bore 
in mind this work at Lise very outset when they came to naming 
(he members of the Commission on Chemical Elements and later 
when choosing the president of the subcommittee on atomic weights, 
I recall that Guye, whose ideas upon atomic weights did not wholly 
agree with yours, insisted that the presidency be given to you. 
Such acts of courtesy in all impartiality on the past of opponents 
show the value of a man. The two incidents just recalled show 
how universally you arc recognized as the master ki the domain 
of atomic weights. 

An especially important tusk devolves upon the president of the 
commission. Me drafts the report and prepares the table of inter¬ 
national atomic weights. He must know the relations existing be¬ 
tween the diverse atomic weights and judge their relative impor¬ 
tance* He must be able to appreciate the relative worth of the 
values determined by various men, To bring such u delicate tosk 
to a proper conclusion rajiiires good scientific judgment, a judicious, 
critical spirit, and an impartiality overlooking the rivalry of differ- 
ing schools. 

Now* ahull we recall briefly our common recollections of the won¬ 
derful journey which we have made through contemporary scientific 
history, more especially through the domain of the chemical tde- 
iiientsf In an epoch when time is no longer considered as immutable, 
we have surely lived existences which, measured by the Importance 
and number of events which we have seen unroll before our eves, 
have been the equivalent of several generations- Judging by you 
(Brunner) the limit of the youth of the spirit has been greatly ex¬ 
tended. Scientific evolution has l^en a part of the change. Our 
times are privileged* They have seen many important problems pro¬ 
posed, a number of which have had surprising solutions. We have 
traversed the enormous distance which separates the elements of 
Lavoisier and of Bcrrilius from the isotopic constellations of Aston, 
With Bunsen you saw the birth of the first spectroscopic elements 
in the flame. You have contributed to the generis of those elements 
recognized through their absorption spectra, for you were the first 
in see the element called praseodymium, A collective error, which 
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1 hope is passing, does not attribute to you the fatherhood of it, but 
when the history of the element is written completely end impar¬ 
tially, full credit will be given to your name. 

With Crookes you knew (he phosphorescent elements in the rath- 
ode rays; with Lecoq do Boishnudran, you saw those revealed by 
the induction spark. In the arc spectrum you witnessed the birth of 
hit id i Lin. With Ramsay you saw the ninth column come into the 
classification of MeudelceiT, for the existence of which you have vic¬ 
toriously fought. In helium* neon, argon, krypton, and xenon you 
knew' the astonish moot which the existence of chemically inert de¬ 
ments aroused. 

At that time we considered our chemical dements eternal, immut¬ 
able. Doubtless we need not have been deeply philosophical to have 
recognised in Lhe doctrine of McnddedT the thread of an evolution¬ 
ary theory such as then dominated science and of which Lamarck anti 
Darwin were the promoters. Was MendeleefF really an evolutionist 
m to the chemical elements! I would not dare to affirm it„ not 
having read all that this genial Slav scientist has written, l have 
known him only through what has been more or teas correctly trans¬ 
lated into French. But you should know and doubtless are the only 
ime who could settle the point. On my part I have always thought 
that he was. For how can one know the analogies which MendcleefTs 
iuble brings into relief, how recognize the family traits, those inti¬ 
mate relationships of chemical characters and physical properties, 
without supposing some mode of birth which requires certain de¬ 
ments to be like brothers and certain others to be like more distant 
relatives? Have not you and Mendeteeff added something to science 
which is not read in the printed text but which may be read between 
the lines? I am disposed to see here the source of that contagious 
enthusiasm which the periodic system has inspired in you. You 
should have been prepared to admit that chemical elements are born 
and die. But before photography and electrometry had given, 
through H, Becqnereh Pierre and Mme. Curie* their marvelous dis¬ 
covery of the radioactive dements, the evolution of dements could 
have been only a philosophical hypothesis with no real experimental 
foundation. With radium transforming into the gas radon* with 
radon in turn changing into other new dements themselves radio- 
active„ the hypothesis of the evolution of (he elements become* u 
reality. The chemical elements lose their immutability, are no longer 
dead as considered by the scientists of the era just passed. They 
enter into an active life. 

The uld philosophical dream of our medieval ancestors comes from 
the distant past into a wonderful reality. We would be tempted 
to cry 14 miracle** were we not preoccupied with consigning to the 
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dump the ideas which these discoveries have rendered obsolete. We 
are indeed fortunate in having witnessed such great events. 

I was especially privileged, for with my own eyes 1 saw the ele¬ 
ment radium born, Pierre Curie was my teacher, and gave me the 
Incomparable honor of his confidence and friendship. 1 have seen 
Minr, Curie working like a man with great masses of pitchblende, 
I saw the first separation of the bromides of barium and radium; I 
saw the radiferou* crystals shining in the darkness before the spec¬ 
trum of rad ill [11 had been observed. Every Sunday I went with 
Langcvin, Perrin, Debierne, Cotton, and Sagiitic into the modest 
home of Curie which then changed into a kind of intimate academy. 
There the master with his customary simplicity told his ideas and 
was as willing to discuss outs. What great problems we debated. 
The behavior of radium brought into question ideas which had be¬ 
come classic. The continuous delivery of energy from rad imp con¬ 
tradicted our fundamental scientific notions. Must we renounce the 
principle of the conservation of energy, for we then thought that 
radium remained unchanged f Were we to admit that radium con¬ 
tinuously set free energy without the loss of any part of itself? 
Dues its substance vanish in radiation i And if energy and matter 
are but different aspects of a same invariant must we give up the 
principle of the conservation of matter, that great principle of 
Lavoisier which we have considered the corner stone of chemical 
science? 

Pierre Curie desired to avoid destroying such fertile principles. 
Ho leaned toward an interpretation which while respecting the 
work of the past, yet might account for the future. In the end, 
radium became for him—an hypothesis which bios been recently 
revived by J, Perrin—not a generator but a transformer of energy. 
Thi* clement held captive a yet unknown form of energy and meta¬ 
morphosed it in the a, j8 t and f rays. But when Curie, with Mine. 
Curie, discovered the so-called radioactive deposits, which he called 
"induced radioactivity/' it was evident that radium itself must 
umiisFgtf change. 

When Curie found that radium continuously set free heat we 
were forced to be Lie vc In the failure of tbe conservation of energy. 
When his little electroscope automatically charged and discharged 
itself in the presence of radium, producing work at a constant tem- 
j Hirst u re, we had to believe in the failure of (. a mot s principle- 
If we rejected Lhe spontaneous transformation of radium into other 
elements, we became party to the bankruptcy of thermodynamics. 
But the emanation (radon), which had the characteristics of u new 
chemical element, was evidently generated from rudUun. This ema¬ 
nation disappeared spontaneously, little by little, to appear as radio- 
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active deposits and helium,. The principles of thermodynamics came 
safe and sound out of the fray, but that of the immutability of the 
elements was moribund. 

We distinguish between dements which show radioactive charac¬ 
teristics find those which du TiOt, It is; ncveithriefrs true that the? 
radioactive ones are elements. and therefore we can not hold that 
elements are immutable. 

Tin 1 theory of the disintegration nf radioactive bodies. Am to Sir 
Ernest Rutherford, justly dominates modern science. The ideas 
which lie postulates are. to-day solidly founded. The phenomenon 
of .spontaneous radioactivity is interpreted as the projection out of 
the atomic nucleus of an electron, a helium ion. 

The electron, the currier of the g radiation in which matter and 
negative electricity are identical, is now the smallest mass of matter 
known to science. Its mass at rest is nnc thousand eight hundred 
times less than that, of the hydrogen atom. It plays a part in a 
great number of material phenomena not related to radioactivity. 
There is no chemical element which can not liberate electrons detect¬ 
able by electrometric means. It is apparently a universal constitu¬ 
ent of matter. 

The helium ions which constitute the a rays have a muss approxi¬ 
mately that of a helium atom and each carrier two elementary elec¬ 
tric charges equal except in sign to that of the electron. They can 
not be considered a universal constituent of matter, since all the 
atomic weights are not even approximately multiples of four. There 
is s tendency to consider them as being themselves composed of four 
hydrogen nuclei {or protons, actual atoms of positive electricity), 
representing four charges, and associated in the helium ion with 
two electrons for the necessary intra-atomic binding field of force. 
Hence the hydrogen ion or proton may be considered the second 
universal constituent of matter. Electron* and protons suffice to 
make up ihe assemblages which arc our chemical utoma. Tlii^ man¬ 
ner of postulating the building of the universe is admirable. It 
satisfies at the same time. Iwjth the scientist and the philosopher. 
Its scientific character is undeniable. The existence of electrons is 
certain: they have been isolated by the most diverse methods, to 
which I believe there can be no serious objection. 

The reality of protons is less certain. They must go through sev¬ 
eral small formalities tieforc they are accepted in scientific society. 
They arc tolerated* since their existence fills ear Inin needs. 

Only a little while sgn several physicists were disposed to postu¬ 
late that mntter was composed exclusively of electrons, Hut it is 
difficult to conceive how' masses of negative electricity could build 
neutral atoms and molecules. Positive electricity remains an 
enigma. It seems logically necessary that material negative par- 
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tides must have neutralizing positive particles. The « particles of 
radioactivity seem to reveal such denientary masses* hut we am still 
at a loss, for their rti^E is manifestly too great. 

Sir Ernest Rutherford, to whom we owe what basic in our 
actual ideas about atoms, noted that the ^radiation is the most 
powerful form of energy at our disposal. This led him to con¬ 
ceive the bombardment of the atomic structure with them. It is 
useless here to go into the details of his experiments with which 
you, my dear Brunner* are familiar. Yon know that by an irre- 
finable interpretation of the observed facts in the case of mtrqgpn, 
phosphorus, and several other elements, the atomic citadels had 
been breached by these projectiles and that the splinters resulting 
from the consequent explosions could lie nought else but hydrogen 
joris. In thus declaring war upon the stable atoms, Rutherford 
formed a new branch of science showing artificial radioactivity, 
one of the greatest discoveries of our extraordinary epoch. 

These experiments show that protons most be a constituent of 
some atoms*. but it doe* not follow that they are a universal con¬ 
stituent of matter. Hut do you uoi think that at lonsl provisionally 
we may m-cord them this privilege! If you make this concession 
we may mix with strict .science a little pleasant philosophy: This 
existence of two chemical elements, the electron and the proton, out 
of which everything in the universe is made. 

As to the simplicity of its conceptions, modern science thus rivals 
that of Aristotle. The ancients postulated four elements, we admit 
only two. The atoms of Lucretius have become a little complicated 
and those of Dalton have lost their primitive simplicity. Science 
hm gained in unity and has to a certain degree attained the ideal 
which it has sought with varying fortune for 3,000 years. 

Yeti, though the universe has been reduced thus to two constit¬ 
uents, and the electrons and protons occur as the simplest reduc¬ 
tion of our ideas, it dews not follow that those ideas are perfectly 
clear. Berziline, subsequent to the beautiful experiment of Davy, 
tried to explain matter through electricity and fabricated for the 
purpose one of the most curious syntheses which the annuls of 
physical chemistry contains. I allude to bis electrochemical thcoiy 
of which the class!location will remain an eternal monument. He 
knew nothing of the nature of electricity; for tins he depended 
upon the wisdom of future physicists. We physical chemists of 
to-day do not tell what matter nor what electricity is. We merely 
know them as phenomena. The IcnsL metaphysical among us see 
in electrons and protons merely centers of convergence of lines of 
force. That evidently explains nothing fundamental. It makes for 
us a w’orld formed of minute hairy points, the hairs strikingly 
abstract, only indicating to us the possibility of pome phenomena. 
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Frank]v, electrons and protons arc monads. Ijcibnits thus lives 
again in modern science as Lncretins did in the science of Dalton,, 

I beg you see no blame in wdiafc I have just said, II is not neces¬ 
sary* it is perhaps impossible, that we should understand every* 
thing. The penetration of human insight possibly has limits. We 
should not expect present science to explain everything. Knowl¬ 
edge we should have. It should allow us to predict. Our ideas as 
to what is comprehensible or absurd are doubtless hereditary habits' 
of our intellect. It is fortunate that science does not halt because 
of such considerations; it would then repulse as incomprehensible 
Ne w ton’s theories of actions at a distance, as the Cartesians did. 
Doubtless, the mathematician would never Jmvc had imaginary 
quantities which, being inconceivable, would be neither more nor 
less than absurd. 

In the evolution of scientific theories there arc surprising enough 
changes in the point of view. Take, for instance, Fresnels optics 
where the light phenomena were pictured os analogous to the mo¬ 
tions of the pendulum. The model express laws the phenomena 
show. The aptness of the explanation resulted from the closeness 
of the analogy. Imagination was .-ttLiafied. Then there is the 
reality which we were prone to accord to ihe ether of physics. But 
the younger school of physicists are against l he ether bnramse at the 
same time it must be more fluid than any gas and more rigid than 
stack They look upon il as n resurrection into modern science of a 
fossil remain of the ancient fluids* They prefer to replace it by the 
ccpiations of Maxwell or someth big us subjective. I wish that we 
might thus gain in reality what we lose in simplicity, but we must 
confess that there is nothing to be hoped for from the change. 

As to the atom, have we attained something real or only a model 
symbolic of observed phenomena} It is difficult to say. The 
model which Bohr ha?> elaborated from that of Rutherford shocks 
our former beliefs. For the electricity which circulates in the 
form of exterior electrons in that atom, does not obey the ordinary 
experimental laws of electricity in motion* We had learned that 
a displacement of an electrical charge is accompanied by radiation. 
Bui Bohr [johEtulatos privileged orbits wherein Lhe exterior electrons 
may circulate without radiating, 

Bohr, in making this hypothesis breaks with a tradition of which 
no Theorist has dared to neglect the laws. His immediate prede¬ 
cessor, Rutherford* had allowed the electrons to radiate suite it was 
supposed the model must obey the standard laws. Bohr's models 
have their own laws with no necessary relation to the laws of ordi¬ 
nary experiments, and he tints turned scientific thought into a neiv 
ami unknown direction. The models lose the explanatory charac- 
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ter wft Lad expected of * hem. Bohr'* atom i r not u dear explana¬ 
tion. for the privileged orbits are net understand a bio in themselves; 
neither are the ‘‘quanta of energy/ 1 set free by the electrons in 
leaping from one privileged orbit to another. In the future arc 
theories to be built upon such contradictions? 

The atom of Rutherford, which is otherwise satisfactory* has the 
objection of unceasing radiation. In time it should wear itself out. 
Each outer electron must gradually approach the central nucleus 
of the atom, finally falling into it, which means its death. Of 
course, wp must resign ourselves to death. We might have accepted 
the death of the stars without the optimistic invention of Arrhenius, 
hat we can not that of the atoms; that would mean a definite 
end of the universe which wc find it comforting to look upon as 
eternal. Bohr, in revivifying our hopes, h a great benefactor. Fur¬ 
ther* if the electron revolving about the positive center of the atom 
radiated constantly, matter should be always luminous, which is far 
from the fact. This ?eems a critical tdejection. 

It seems necessary either to resign ourselves to not understand¬ 
ing, ils Bohr has done., or to resign ourselves to a model in ik arrant 
violation with experience. There Is no doubt us to our choice. To 
one who finds fault that the electrons in their privileged orbito do 
not obey the laws of electromagnetism, we may reply that so fur 
hu known these laws relate only to large-scale phenomena. They 
may not apply to the electron or to the atom, but only statistically 
when a large number of them are under consideration. Men en¬ 
dowed with excellent individual cpm lilies may make detestable 
crowds, Atomists take the Carnot principle as a collective law for 
which the little demon of Maxwell 1 has no power. Thus Bohr may 
be less revolutionary than he seems at first sight. He can intrench 
himself behind an illustrious precedent. 

Our idem* relative to ibe older elements, which are really not ele¬ 
mentary, have not reached the end of their vici sd tildes. Radical* 
composed of electrons and protons they may be. On such terms 
they have lost nothing of their older significance in chemistry 
Chemistry ceases to concern itself with the primary elementary 
forms* Its domain henceforth is one of secondary combinations 
now that its ancient elements have become diviable and composite. 

U might he more philosophical to enlarge the realm of chemistry 
to include not only radioactivity but also electronics. But then 
we must cross the barrier which has separated chemistrv and 
physics. The shadow of Auguste Comte would shake with indig¬ 
nation. The old modes of thought, molded by the routine of 

4 Aft IcnatfLELflrj Thflup limEU^l 67 J, C, Miiiw«»U r wUq l« msppoHtd to wllm-nu Ltao 
fartUftl workHtE «f Itn* 3 m*' of Llu'ffludfUiliilci, jlill! to |nij Mv to ^utm] It,- 
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professional habits, and the purism of academic melhoda. main 
tiiined long ago the difference between these two Rentes, a dis¬ 
tinction originally drawn by an arbitrary duplication which 
divided into compartments the continuum of the sciences. 

When our knowledge wan less, it was easy to give the chemical 
dements a simple and apparently decisive definition as Lavoisier 
did. To respect his definition, at least formally, it would l« m-ces- 
sjii v to day to distinguish between two methods of analysis, Unit 
of chemistry and that of physics. To the conti agendas involved 
ill the very nature of things there are then added artificial limita¬ 
tions When we form n scientific ideal we should weed out these 
conditions as much as possible, no matter why they were imposed. 

Lavoisier, in order tu define a simple body, had to dear away 
the vapors of phlogiston and renounce the ideas of a then decrepit 
atomism. What would he have thought of our prW*nt ideas and 
theories! Would the numerous presumptuous accumulations in 
favor of the atomic structure suffice to prove Its reali ty to him! lie, 
mul nil the encyclopedists of the eighteenth century, would have 
reproached us t perhaps, concerning this imagined existence of atoms, 

this act of faith. .... * 

The atoms, so far as any direct manifestation to our senses is 

concerned, wiU away* elude us because of their extreme minuteness. 
We can not ever hope to see them because we know beforehand that 
cur microscopes, and even our ultrmnicroscopcs, however [aiwcrfui 
they mar be, have a very limited magnification which would always 
he insufficient. In this direction the matter is definitely settled. 
We must be reconciled to the certainty of never seeing them and 
be contented to know them through their effects. In taking these 
evidences we are like ft judge More the accused, and we must fear 
errors of judgment. The multiplicity of the accusing evidence is 
doubtless very impressive. Is the question dear enough so that 
we cal) give ft certain judgment ? 

We consider effects since they are our suit* evidence, liien We 
postulate the atom that we may the better interpret those fuctsr-in 
no way making the atom a necessary objective reality. Jean J'errin, 
who has gone deepest in this mailer, has appealed to probabilities. 
How did he prove the reality of molecules in his now famous 
memoir? Doubtless he has applied very precise exponential laws 
resulting from direct experiment. But it was not with molecules 
themselves that he ex peri men ted, but with colloidal aggregates which 
ho railed composite molecules. Without doubt he may diminish 
more and more the diameter of these aggregates, hut there remains 
a gap between the smallest of them and the molecules which lie rimy 
never close. When he counts the molecules In a vertical cylinder of 
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hydrogen* i? U 1 iy following the capricious trajectories of gomlNigc 
particles. 

lie probably would not have been concerned with this pip in his 
demonstration were it not that his scruples made him wish to dose 
it up. He has accumulated excellent presumptions which he has 
atlached to these leant apparent parts of our universe. He did not 
limit himself to those p*i4n Involutions just mentioned nor to radio¬ 
activity, Following Lord Rayleigh* he asked the question of the 
blue of the sky. He gathered 1"j independent ways for the determi¬ 
nation of the cneistiint -V, which he modestly called Avogadro's 
number. 

His experiments in this direction are doubtless the most extended 
that have been made. But he has been able to conclude only that 
the existence of molecules, and therefore of atoms, is exceedingly 
probable. In reviewing the matter in most diverse aspects he showed 
that it is indispensable for coordinating our knowledge. If he has 
left an indefinitely small amount of doubt as to the reality of the 
molecule and the atom, he has at least made us like them. He 
has shown that at present science and poetry—fact and fancy—ore 
not Irreconcilable. He has passed on the tradition of Laplace, of 
Alembert, and of Kontcnolle. His spirit fraternize* with that of 
Lucretius and the bees of Hyiucttns have placed their honey upon 
his lips, 

fa it necessary to seek the reality of the atom in the absolute 
manner of the philosophers t Are not molecules and atoms syntheses 
which embody the fundamental laws of chemistry and a large 
part of those of physics? Their reality (as J. Perrin indicated In 
the last edition of his book on atoms, pp. 2®4-2$6) lies in the rela¬ 
tionships they allow between phenomena which, without them, we 
would never coordinate. Were we to strike out to-day from the 
scientific vocabulary the terms atoms and molecules, all physical- 
chemical science would disappear, leaving only u dry list of facts 
impossible to connect one with another. 

The reality of the atom is doubtless relative, but it is probably 
for the best. It has been justly said that absolute philosophy gives 
way more and more to relative science. Term? Is ei gnod example. 
It allows us to give the atom a relative existence* 

The extreme complication of modern science carries subtleties 
which we who sit on the school benches may ignore. It is repug¬ 
nant to mix these philosophical matters with positive facts. The 
facts come to us mixed with no hypotheses and here we find a 
criterion of the truly scientific mind. How difficult it is to attain 
it? We nn* given fiie l!i*H nit ion of » chemical clement according 
hi L:ivoisior, but we talk of it in a very fiifTcrent wny. Hie ultimate 


210 ANNUAL HE POST SMITHisuNIAN INSTITUTION, 

term of analysis* the body from which we can. take nothing but 
itself—ill! that is far iiWay + 

Such a definition can not he taken literally* for then the greater 
part, of the oxides of the rare earths would be elements* since they 
tan not Ih- reduced. One rather feels that the definition of an 
element should not be Hubmitted to the contingencies of analysis, 
We should define elements by charset eristics which belong to them 
and we have carefully felt our way for a long time through the 
uncertainties of analogies The isolation of an element in its metal¬ 
lic state is no longer necessary to characterize ii as an element and 
we must hare recourse to elementary characteristics. Tins leads 
to two necessary conditions: 

(1) Alt compounds of the Hunt* element must have in coihiilod cer- 
I ai n clta ract'e ri titles, 

(2) Among these we can retain only those which are general- 

The lapse nf time makes possible an accurate statement; of the 

problem. In the earlier times to which we have alluded, a more 
or less confused intuition served as a guide. 

The chemical equivalent, the proportional number* the atomic 
weight, call it what you will* is manifestly maullidefit because, 
though satisfying I hr two preceding criteria* cited for thr- case of 
pure elements, they also hold for certain compounds, for example* 
the rare earths* of which wc can measure die molecular weighty a 
measure scientifically precise but. in the present inM since, of little 
meaning except to a specialist. Hence the two conditions given^ 
though manifestly essential* are not sufficient. It is further neces¬ 
sary that the characteristic be independent of the state of the body 
examined. Bunsen discovered in the spectrum the first strictly ele¬ 
mentary characteristic* Until then the dements had been simply 
chemically elementary: henceforth they will be ftpectrodemeninry. 

The method of flame spectra had an astonishing sucres There 
came at once the discovery of rubidium* caesium* and then almost 
immediately afterwards* of thallium and indium. However* it did 
not prove to be a wholly general method. Indeed, there are besides 
l he alkaline metals and alkaline earths very few elements suscepti¬ 
ble of being revealed by the flame. Do you not recollovi that when 
Bunsen undertook with Buhr the study of yttria he found only 
yttrium and erbium among the elements of Masandrr? He then 
gave all the weight of his authority against the existence of terbium* 
a phantom dement, denied by Cleve* asserted by Ddafontuine* and 
which owed its definitive resurrection to M&rignac? 

The technique of fipectntm analysis, then too primitive* needed de¬ 
velopment. Thnlen, and then Lecoq do Boisbaudmn* had recourse 
to the electric tfpnrk* which Jed to a much more general method. 
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It. seems to me that to Thalen belonged only the credit for better 
delineating the group of the rare earths already discovered. Leeoq 
de Boisbmidran, an intrepid worker and extraordinary observer, 
discovered gallium. 

This name, my dear Brunner, should recall the triumph of the 
cause which you defended, for gallium seemed to l>e the eka- 
iilumimim which Mendclceff had so exactly predicted, I was a friend 
of Leroq do Boisiiaudrun* He gave me great eneouragement in mv 
researches on the rare earths at a time when 1 greatly needed It, for 
you know from your own experience how many such researches are 
deceptive and what perseverance they require, f^ecoq de Bukbaudran 
had genius and a great souL l have always been surprised that he 
opposed to the great foresight of MendcleefF the very interesting* 
but very restricted, personal considerations upon the constitution of 
spectra which he asserted had Iwen his only guide in Ins researches 
on gallium, His method of the uxirondensed spark allowed him In 
place in their proper order gadolinium and ytterbium, which Ha rig- 
nar, the last representative of a brilliant group of chemists, bad 
discovered by the older methods of pure chemistry. 

Marignac would have clewed the chapter of the discovery of ele¬ 
ments by purely chemical methods had not Winkler had the good 
luck to analyze urgyrodi tc and fiml in that verj : rare mineral* ger¬ 
manium in largo ijuimtities. Henceforth we will expect to find all 
the new dements discovered by the methods of physics, more esjje- 
eially through spectroscopy, the technique of whic h has been adopted 
in several chemical laboratories, 

No one doubts that spectra are well adapted as an elementary 
character, presenting characteristics identical in all the combina¬ 
tions and mixtures of an element. There have indeed been attrib¬ 
uted to spectra more value, more constancy than they really have. 
AH kinds of spectra—those observed in solutions, in phosphorescent 
cathode spectra, those in tlic electric spark between solids in vacuo— 
are considered of the same worth as elementary characters* 

You* rny dear Brainier, inaugurated with the rare earths tlmL 
remarks hie epoch in which absorption spectra played the principal 
part. Then, afterwards, Locoq de Boisbaiidnm discovered mum* 
riiun and Marignac gadolinium while you established the com¬ 
pound nature of didymium. 

In 1SS2 you decided very tardily to publish the results of your 
important researches. Certain variations in the absorption spec¬ 
trum of didymium had been noted by such men as Delafontaine, 
X L. Smith, Lecoq de BoIsbaudniiL and then by Clove; but they 
were inclined to attribute the variations to differences in acidity of 
the solutes. Having eliminated that source of error, you defer* 
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iit 1 13 1 ■(I that ih eerLnin of your fractional solutions of d cdYujiain, cer¬ 
tain bonds in the blue region—particularly the group of bands, 
A—449 to 44£—Had a special importance, equaling in intensity the 
group in the ye]low -A=rai>0 to 5GS T At first you attributed them 
Lu liintlnsnimu but later knew Unit this clement took no part in the 
phenomenon. Now it is pertain that the blue band hdntigs to pra¬ 
seodymium and the yellow to neodymium. Thus, von Wdsbach, to 
whom Mu? discovery is generally attributed, was really later than 
you in the separation of these two dements, I am not surprised 
that the honor of the discovery wn.s attributed to him, for in such 
matters the scientific world is indifferent and allows itself to be 
misled by appearances. 

One would be very incompetent to wrongly estimate the results 
of your researches* We forget too often that in order to judge the 
value of a discovery it is necessary to consider the conditions under 
which it was made and make proper allowance for the progress 
science has made si nee„ Within our times ideas lmve developed 
rapidly, and experimental technique has been improve! with incon¬ 
ceivable rapidity. The two processes have been mutually helpful. 

Hie 25 years F have .-pent in the study of the rare earths give 
me the right to affirm that it would have been impossible in 1&80 
to have pmdEed farther than you did the researches on the separn- 
lion of didymium. Didyndum was very rare, the methods of free- 
Liomzation very rudimentary, preventing ydtt from carrying the 
ircparatiun very far; but 11 tat should menu more credit for obtaining 
the results then, than for perfecting them later. 

I hose early days were days of misery in the study of the rare 
earths—I have known in comparison only days of relative opulence, 
and I salute you* my dear Brunner* one of the pioneers whose work 
has always tilled me with admiration and profound respect. 

Somewhat later there occurred in the domain of the rare earths 
a very orgy of spectrum variation. Your immediate successors seem 
to have endeavored by their excesses to discredit the work of their 
predecessors. The spectrum bands seemed to lose oil orderliness, 
lour neodymium and praseodymium, the samarium and the 
dysprosium of Lecot] do Boisbaiirlrnn, the holm mm of Sdect and 
Mari grim: (and not of Clove, to whom it is often attributed), the 
erbium of Mostinder, mid the thulium of Clove, In short all the ele¬ 
ments of the nbsorbent-spectra group, seemed lu multiply ad infini¬ 
tum. Krim and NiLson, EL Becqticrd. Crookes, and all the 
world with them, noted the variations in the intensity of the differ¬ 
ent absorption bands in ever-changing proportions. Each one 
wished to discover and believe be had seen a new element. Snell 
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discoveries became so common that instead of names they attributed 
provisory notation, Fw it to the hands or the supposed new clement. 
When they had used up the Latin alphabet recourse was hud to the 
Greek which in its turn would Apparently fail. The rare earth de¬ 
ments came in swarms. They became no longer a group but a whole 
fog. Finally, since a halt had to lie made somewhere, Crookes pro¬ 
nounced his famous aphorism, l( n band, an element. Jt 

The .subject grew chaotic; but even this chaos was not sufficient. 
Spark spectra were brought into the fray. Lecoq do Boistmudran 
esliniiBhul the alphabet to z arid l^cmamiy the capitals of the Greek 
alphabet* Then the phosphoric ent cathode added their quota 
which again required the use of two alphabets. It took the bril¬ 
liant imagination of Crookes to build upon his first beautiful dis¬ 
covery the wonderful edifice of met a and ortho elements. Ortho 
elements broke up into meta elements. The structure of clear ideas 
so carefully built until then was in danger of shipwreck. The 
Vttria earths, with Crookes at the helm, were sucked into the 
whirlpool along with samarium. His fertile imagination Juutdga- 
mated the most bizarre ideas with those of it genius. Departing 
from reasonable points of view, he compared spark spectra with 
phosphorescent spectra. Ebcpmience later refused to justify the step 
ho then took in assuming that both spectra obeyed the same laws. 

Since spark spectra augment in intensity with the increase in con¬ 
centration of an clement he assumed that the same would happen 
with phosphorescent spectra. His conviction was so strong that he 
made no experimental trial to justify an analogy which to him 
seemed evident. Further, while he was astonished at the sensitive¬ 
ness of his cathode spectra, he did not note that that of the spark 
spectra was very limited- Indeed, his technique in the case of spark 
sjjectrm differed little from that of Lecoq tie Boisbaudran, which did 
not permit the observation among the yttrie earths of any but gado¬ 
linium, dysprosium, ytterbium, and, of course* yttrium. In fact, 
Crookes ronid observe only yttrium* The spectrum appeared con¬ 
stant to him, while he found great variations in the atomic weight. 
From this he felt it right to assert that yttrium, an element as indi¬ 
cated by its spectrum, had a variable atomic weight. He was not 
the only one of this opinion. Greatly influenced by Flinriehs. who 
criticised severely the work of J* S. Stas, the dogma of the constancy 
of atomic weights singularly staggered in this I>eriod of equivoca¬ 
tion. The various portions, in the fraction at ions of Crookes, iden¬ 
tified by their spark spectra, differed in their phosphorescent spectra. 
Therefore they were characterized by Crookes as distinctly different 
atoms of the same element, They were called meta elements of 
yttrium. 

rmn— 3G-IS 
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It surprises me Ihul. Aston considered I his theory us a prophetic 
vision of iBotopv. For my part, 1 attribute only to chance any 
analogy between the i wo theorics. 

The experiments of < rookes relative to metu elements had the 
incontestable merit of bringing to light a series of remarkable phe¬ 
nomena then entirely novel. Would I lint he had then listened to 
the wise counsel which ilarignao gave him so diplomatically and 
courteously in the Journal of the Natural and Physical Sciences of 
(leneva. Why did he not mind the objections with which Becoq 
do Boisbaudran so justly opposed his theory, and which proved 
so clearly that the phosphorescent spectra of yttrium did not belong 
to yttrium but to impurities? The criticisms of Mnriguac and becof| 
de Bois band ran Appear to have been met with general indifference. 
Indeed, the theory of meta elements was very favorably received. 
Crookes did not iaek either approval or imitation, but to day the 
meta elements have no standing. Of the long discussion which 1 
had with Crookes on the matter, there remain to-day only the gen¬ 
eral laws of cathode phosphorescence. 

The passing interpretation of the facts matters little m com¬ 
parison with the real observed phenomena themselves. IV work 
of Crookes on the phosphorescence of the yttrk earths is a lasting 
monument. This we can admire without reserve, closing our ears 
to the interpretation. I regret only that my illustrious opponent 
lost through his mistaken theories the advantage of an important 
discovery, for unwittingly he had come upon europium. I would 
be happy could I save this from oblivion. Crookes had observed 
in the mixtures which contained both samarium and yttrium, and 
which consequently should contain all the intermediate earth ele¬ 
ments. a phosphorescent band which appeared to Inm to behave 
in a peculiar manner. He designated it for that reason an ‘ ab¬ 
normal band.’’ At the lime he attributed it to both samarium 
and yttrium, considering it as a resultant vibration of the atoms 
of life two elements. Locoq de Boisbaudran, who found several 
analogies in certain phosphorescent spectra of solutions, winch ie 
designated “reversed spectra," attributed the band to » new element. 
He said that this hand “was perhaps not without relationship lo 
the abnormal band of Crookes." That is definite enough, fluis 
Crookes was left free to vindicate himself m the discovery of this 
new element. He remained contented to consider his band ns char¬ 
acteristic of a meta element of samarium, 

Among the earths which showed him the reversed band, Lecoq de 
Boisbaudran observed a new spark spectrum; but he reserved the 
question of deciding whether or not it was identical with the ele¬ 
ment showing the “reversed spectrum " or that which produced the 

direct spark. 
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D&marcayj wli<> comimmced the utilization of the ultra-violet 
region for spectrochemistry, announced an element which he desig¬ 
nated ns 5L He later recognized the identity of this with that which 
the spark hud revealed to Lecoq de Boifihaudran 1 but he had some 
reservations a*? to the origin of the anomalous band of Crookes. 
He finally culled the new element mimpimn He isolated it in a 
very pure state bill was unable to complete his work. 

Having hud the good fortune to isolate europium almost quanti¬ 
tatively, T am able to clear away some of the uncertainties relative 
to the d iverse spectrum characteristics at first observed. Particular] v 
it was apparent that the anomalous band of Crookes and the reversed 
band of Lecoq de Bobbaudran were different manifestations of this 
element. 

Certain that europium had been first revealed to Crookes, I sent 
him my results before publication, together with a sample of pure 
europium. He made a magnificent spark spectrum from the sam¬ 
ple- — he had much perfected bis technique. He published that spec¬ 
trum which had no immediate relationship with the phosphorescent 
band and claimed nothing. 

Almost nil elements have striking histories but europium would 
have beaten all records if c&Uium hud not been subsequently dis¬ 
covered, 

l will not develop further the history of the rare earths. The 
many elements of the group have been isolated one by one, and 
their characteristics fixed with surety. You know as well as I. 
iny dear Brauner, the closing chapter of their history since you 
wrote it with all the necessary detail under eircuinstances unfor- 
getable to me* 

During the years which closed this history. Sir W. Ramsay 
opened and closed a new' column in the classification of Mendeleetf, 
discovering successively the different rare gases of the atmosphere. 
Curie and his pupils, Sir E. Hulherford and his collaborator^ 
several years later demanded from the electrometer, what, until then, 
bad been asked from chemistry and spectroscopy. We know some 
40 new radioactive elements. These w t o may call electrometric ele¬ 
ments for we can observe the spectra only of radium and radon. 

When it was established that the radioactive elements are born 
and die according to exponential laws, the composite experiment a! 
decay of mixtures of radioactive elements, not in equilibrium, was 
ingeniously analyzed into the components due to the separate ele¬ 
ments. Each one of these new components presumably belonged to a 
new element. The discovery of elements in this field became thus 
the analysis of curves. It is difficult to avoid certain scepticisms: 
and those who have for a long while made elaborate chemical 
analyses in order to find evidence of new chemical characters may 
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wpII 01^1 sed from thinking that new generations may discover 
now unknown elements. Since each new radioactive element is 
characterized not only by the length of its average life, but also by 
the coefficient of absorption of it* radiation, and finally by the ve¬ 
locity of its * and /f particles, the multiplicity of these character¬ 
istics and the manner in which they behave under chemical in¬ 
fluences leave no further doubt upon the objective reality of the 
most elusive of the radioactive elements. 

Their multiplicity alone is disconcerting. Ii is evidently impos- 
sible to put each one of them into n separate compartment of the 
too few compartments of MenddeelTs classification. Must we, 
therefore, renounce the universal application of that, classification 
and exclude from it the majority of the radioactive elemental Ion, 
Branner, who have identified yourself with MendelnfTs cause and 
have struggled so much for the success of the periodical classi¬ 
fication, how- anxiously you must have considered the matter. When 
it became evident that certain elements distinct in their radio¬ 
active properties, could not lie distinguished in other ways, they 
were naturally grouped in the same OOmpartmcnt—that is, all those 
which appeared chemically the same. This phenomenon Fr. Soddy 
called "iaotopy,” This new notion, the value of which bus become 
considerable, at first seemed to arouse only a limited scientific pub¬ 
lic. For most chemists, ionium, which could not be separated chem¬ 
ically from thorium, ultimately, could only he thorium particu¬ 
larly alter ted through radioactive qualities. It did not seem of good 
augury that two elements could not be separated even slightly; and 
yet further, their luminous spectra seemed to show no differences. 
The daring of Soddj did not seem very great to have thus simply 
settled the matter. If. os we one* admitted, an element is suffi¬ 
ciently defined through its spectrum and the value of its atomic 
weight, one could not at nil doubt that ionium and thorium were 
one Hnd the same element. Then in each compartment of Mondelee If 
we would put only one element where the radioactive people would 
group several. 

The ideas of chemical and radioactive elements seemed to be in 
conflict. The chemists were inclined to concede us little us possible 
to the physicists. 

It is true that the matter of the affiliation of the radioactive ele¬ 
ments was not then very clear. It was difficult to put order into the 
labyrinth of radioactive bodies. Fr. Sixldy finally brought the 
desired thread of Ariadne in the guise of the law of displacement 
which gave a definite means of classifying a radioactive element in 
the periodic scheme when we know the nature of its radiation and 
its immediate ancestor. The same laws were also stated at nlwut 
the same time by Fa] a ns. 
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Such important laws could not pass unnoticed even by the eyes 
of those who did not especially work in radioactivity. All which 
relates to the periodic cliuaification thus again assumes a general 
character and interests both chemist and physicist. 

In what relates to radioactivity, experiment ami theory are so 
intimately bound that it is difficult to tell where one ends and the 
other begins, and one willingly attributes to theory the preponderat¬ 
ing part. We seek for the crucial experiment which dispels all 
doubts. Radioactivity is found in two series in the Mendeleelf 
classification* and theory assigns to the changing element one of two 
ultimate forms— helium or lead. 

I spoke earlier of variable atomic weights. Th + Richards who 
obtained for lend from galena the atomic weight of 207*13, found 
for lead from curnotitc the value 206.41. The precision of these 
measures was over 1 part in 10*000* There was no chance for doubt, 
Wo must applaud hinu 

There therefore exist different kinds uf a body as common els lead. 
This name then tines not designate one but a family of substances. 
Our atomic weights which served ils liases for our highest theoretical 
speculations can not be considered as true constants since they char¬ 
acterise not pure 1mm lies but mixtures. Once more vve must make an 
alteration in our definition of an element. 

Will the classification of Menddeeff totter now that its foundations 
seem wrong! How shall we connect the properties of an element 
with its atomic weight? It k necessary to give up the rigor of the 
atomic weights and resign ourselves to their being only average 
values. The idea of Fr + Sod dy comes os a great relief in the eyes of 
chemists. MendekefFs duplication no longer should be considered 
ns dealing with demerits but rather with families of elements. 
Each family becomes a pleiad of elements, in the limiting case, an 
clement. The idea grows on us. It is in the scientific air which we 
breathe- We are anxious as to how in actual experience It will turn 
out with all the elements, for until now the trials have all been 
with radioactive elements. The abnormal leads, studied by Th. 
Richard# and his associates, by Maurice Curie, by Baxter and 
Grover, by llimigriehmiflt and Horowitz, by Soddy and Hyman, and 
several others, were all radioactive. In the special domain of radio¬ 
active clemen Is, the existence of isotopes has passed the boundary 
which separates probable hypothesis from certain reality. Bui what 
next T 

Whatever value we may lie disposed to attribute to this distinc¬ 
tion we are only half satisfied. Some of the compartments of Men- 
delcef are to con tain families—e. g. n in l he ease of the radioactive ele¬ 
ments- and others single elements. Is it necessary to save the classi- 
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fixation At the expense of this heterogeneity Y We run not tteliev* 
that a moment. On the other hand we should be certain of the value 
of the clarification in itself. It is not the question of saving it from 
a disaster by which it b not menaced, but to restate the principle 
which certainly contains something of truth although not the whole 
truth. 

Wc have heard on many occasions of atomic numbers. First 
through Rydberg but especially through Moseley * The latter gave 
it : a remarkable law which connects the radiation of the X-ray 
spectra of each element with its atomic number* Rut this number 
designates only the place occupied by each element in the deifica¬ 
tion. It has in that sense only m much signification as (he principle 
of Increasing atomic weights, one already put hi rude test by the 
respective positions of potassium imd argon, iodine and tellurium, 
nickel and cobalt, so that in this U> interest might vanish* The 
atomic numbers are in themselves only n scries of whole numbers 
without any precise signification. After all* the law of Moseley I? 
only an approximation, since it expresses a* n linear relation what 
experiment allows us more and more is curvilinear 

One could believe in 1314 {and I sincerely so believed after my stay 
ul Oxford where I worked with Moseley) Lliat, in substiLuimg for 
tile atomic weights the atomic numbers, Mendeleof’s theory had a 
real i in prove men L Indeed the atomic numbers, susceptible of a 
measure sufficiently precise according to Lhe distribution of the 
X-ray in the scale of wave lengths, succeed each oth r in the definite 
order conforming precisely to the place occupied by the element or 
family of elements in the periodical classification. Argun is In its 
proper place preceding potassium; tellurium and cobalt on the one 
hand and iodine and nickel on the other are in their proper ranks* 
All difficulty vanishes* The theory comes out triumphant and 
strengthened from f he test. 

However, the curvature of the lines of Moseley throws a shadow 
upon the picture. We might think to find in this succession of whole 
numbers a certain mystical value* The virtues in numbers which the 
ancients held has laeen vigorously decried by philosophers, and their 
ideas are echoed in modern science* Hut there is a physical sig¬ 
nificance to lhe numbers of Moseley. Sir Ek Rutherford takes one 
from the experiments of Chadwick on the diffusion of the p-raya* 
But the prooe&s is not wholly physical except so far as theory goes, 
but from a more general point of view motaphyacal. On the one 
hand the diffusion of the q-ruys through u body can lead tu the 
atomic number* following Lhe ideas of Rutherford; on the other 
hand these numbers represent the number of positive charges on 
the nucleus of each atom, or further, the number of electron* which 
revolve alanit them. The atoms of Rutherford inspire us with 
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utmost confidence since he has found the way of making them ex¬ 
emplify all the laws necessary for the sustaining of our science. 
We can declare ourselves satisfied. The classification of Mendeleeff 
hat now solid foundations It can await new facta and fed equal 
to them. To have seen it thus in the past come nut the stronger 
after each fray, we feel all the more confident in its fate. Glory 
to Men del cell, and glory to you, his most ardent disciple, glory to 
the founder of comparative chemistry. 

I c is good to have found a scientific base for this study of chemical 
analogies. Strict science did not require it, but the demon of curi¬ 
osity which is within us desired iu Between you and me, I believe 
we are always like children and ask fc *W r hy ? w 

( "Why* J do chemical analogies exist? Take the case of electrons. 
When half of the universe is made of electrons they have to assume 
many responsibilities especially when the oilier half shrivels up, so 
well protected from experiment that it refuses to play n pari in the 
phenomena which, except for radioactivity, lire just beyond our ken, 
H Electron 71 answers all “whys r of physics and chemistry. They 
have much to do. 

Maybe we have only translated into n new language, very poetic 
and full of imagery, the questions which our demon of curiosity posed 
for us ill a very prosaic language. We, indeed, express to-day the 
same idea in saying either dysprosium and holmium aits very closely 
related, or the atoms of dysprosium and of holmium have both sev¬ 
eral circlets of exterior electrons. If our demons give the second 
statement in the form of a question we may be sure the first will 
bo the answer. 

We have here, then, as a mathematician would say, reciprocal 
propositions. Let us hope for their proof. Meanwhile w r e say that 
two distinct atoms with identically the same circlets of exterior 
electrons behave chemically and physically in the same manner. 
Thus we interpret isotopes. It little matters whether they are 
radioactive or not, the idea of isotopy has become general. It was 
inevitable. 

Among the non radioactive elements, isotopy was, during its period 
of incubation, only on elegant interpretation of a new spectroscopy 
due to the inventive genius of J. J* Thomson. He dispersed in a 
Crookes tube, the canal rays—that is r the positive rays — by mean* 
of a double field, electric and magnetic. He thus obtained parabola* 
due to atomic trajectories which wore so great in number and of 
such quality that in order to interpret them it was necessary to con¬ 
sider our elements as mixtures impossible to separate by any other 
means. 

The experiments of Aston upon neon brought a real explanation 
of I lie variation of density of neon iu fractional osmosis. 
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Subsequently, making: perpendUnder the two fields which J* X 
Thomson used for the deviation of the positive rays, Aston has shown 
that at least a third of the more common elements must be looked 
upon as mixtures of isotopes. The fractionation to which Heresy 
subjected mercury vapor showed clearly the multiple isotopy of that 
element. I am sure you have Ircen glad Unit isotopes are: not 
absolutely rebellious to tins methods of analysis which are generally 
considered chemical, h remains to he said that tin? spectra of 
ifwitopey are not strictly lhe same, which doubtless you hoped would 
lie the cuse. Wo now have abundant proof. 

If the isotopes can be separated chemically (time and the neces¬ 
sary efforts are negligible conditions from a theoretical point of 
view)* and if they have different spectra (it will, bo necessary only 
to have recourse to the sixth order in the echelon spectroscope 
of Michetson or the interferometer of Fabry), we do not see why 
they should not be called elements. It is dear that they are. Be¬ 
tween them and the individuals of a group of elements like the rare 
earths (hero in. to you and me* only a difference of degree in the 
analogy* 

In this it seems that we luisutmeeive the rights of the electrons 
which give the primary signifinance to the atomic number* 
which is all important in the defining of a chemical element. Each 
element nf the group of rare earths has its atomic number* and there 
is only one atomic number for all the elements of an isotopic group. 
Have we a sufHuuuu reason for defining an. element by its atomic 
number? Is it right to define the group rather than the nature? 
No agreement has yd been reached. But if we are now beaten in 

the search for the proper definition Rome? day we will certainly 

find it. 

The International Commiftfion on C hemical Memento* it is time, 
has defined the element through its atomic number* That is a 
victory lor the periodic das&ificaiitm which should somewhat satisfy 
you. The definition has been given only a provisory rigid, a con¬ 
fession which should please you. 

It is time l should dose. I could not prdend to exhnust the 
subject which I had the audacity tn commence, I have tried to 

recall certain memories, Perhaps I have I wen too personal. A 

historian should avoid all sentiment* which a contemporary does 
with difficulty. A reticence is required which l lack. 

I could not ajiciik as a professor and take a dogmatic attitude in 
the presence of u master like yon; indeed* such an attitude is never 
mine. Wherefore J have spoken aa a narrator and friend. If 
aught lasts of this talk I wish that It might Ijc the memory of the 
great friendship with which you have honored me* my dear 
Bra liner. 


THE MANUFACTURE OF RADIUM 1 


Djr Pn«f T Cajjille Matuj^o.v, 
Coltiv? (fr Franca 


[Willi 4 pliteflj 
HISTORICAL 

Mmc. Curie announced before the Academy of Sciences at Paris 
on the 12th of April* ISDS + that two iirahiforoiis minerals* pitch¬ 
blende hill] chalcolite, showed more intense radioactive properties 
tin in should be due to the uranium they contained* This remarkable 
fact* she added* led to the belief I hat these minerals should contain 
an element more radioactive than uranium, 

M. and Mine* Curie—at times in collaboration with M, Bfimont— 
by the chemical analysis of pitchblende, showed successively the ex- 
islcnce of two new radioactive elements — polonium* which follows 
bismuth in the course of analytical processes, and radium* the ele¬ 
ment nest to barium. 

Radioactivity, discovered by Henri Recquerel, thus proves to be a 
direct method -a f chemical analysis of hitherto unexpected sensitive- 
ness for indicating Lhe existence of radioactive elements and serving 
as a guide in their separation. 

The treatment of a ton of the residues of pitchblende, under the 
chemical supervision of M. Dtibicrne, enabled M. and Mmc, Curio to 
isolate a small quantity of radioactive matter associated w ith barium 
Tbia, by successive separations from the barium, Iwcamo enriched 
little by little* so tbit the spectroscope rimwerl clearly the elementary 
character of radium. In 1903 they obtained a strictly pure chloride 
of rad itum 

During the progress of this work of separation, M. and Mine* 
Curie demonstrated the curious and novel properties of this new 
dement—Us radioactivity, induced radioactivity, physiological ac¬ 
tions, etc. 

Pitchblende, an uranium and radium im\ is found in a well-known 
mine of Joachinistahl, in Ihihemia, where it is regularly treated for 
lhe extraction of die uranium* The small amount of uranium salts 
used throughout the world comes from there. During this extrtie- 
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Lion the radium becomes raficentrated in the residues- These resU 
dues, accumulated shite the beginning of the uranium industry, wore 
like first source of radium* The mine was owned by the Austrian 
Government, In order to have a monopoly in the manufacture and 
Mile of radium* the export of the mineral was prohibited. A radium 
institute was founded in Vienna for the development of the applica¬ 
tions of radium. 

Attention everywhere was directed to the known veins of urunD 
feious miner tils: those of autunita in Portugal, of pitchblende in 
England, in the Cornouailles, in Schneeberg, and J oh a no ^ eorgen ■ 
stadt. In Saxony, At the same time, search was instituted for new 
veins. Subsequently pitchblende wna found in the United States 
of America, in Mexico, and in die Indies., where it was exploited for 
a short time. 

The mo^t important find was that of a very rich vein of earnotife 
in ike United Stated, extending in a mountainous and wild Lract 
through the States of Ccdoi'ado and Utali. 1 till lie ntial American en¬ 
terprises, despite tlu- small content of radium in the mineral, did not 
hesitate to establish, in thoso desert regions, roads and works with 
companies of workmen for exploitation because of the immense 
extent of the veins. 

The project was so successful that in 1012, 1,200 Ions of carnotite, 
containing 8 to 9 grams of radium, left the United Slates for France 
where a radium inarmfactory Jtud been established In competitiipu 
with Else Austrian works. From this time on. the exploitation of 
the mines developed rapidly, and at the same time works for the 
refinement of the radium ware established in America, so that 10.5 
grams of radium were produced in 1013 and i£2A grams in the fol¬ 
lowing year. The exportation of car no tile to Europe continued up 
to the outbreak of the World War in IfH-b In 1013 and 1014 the 
amount of mineral exported each year corresponded to 7 or 8 grams 
of radium. At the beginning of 1014 the American Government 
started measures to monopolize their radium. All the radium mines 
found in the Unifad Stales before January 15, 1914. remained the 
property of their proprietors; but after that all discovered would be 
the property of the Government The prospectors hud the right of 
exploiting the mines they discovered but the mineral must Im? fur¬ 
nished to the American Government at n price which would In? fixed 
from time to Him- by their Department of the Interior, The Ameri¬ 
can Government established works for the extraction of the precious 
idem cut. At about (lie same time the National Kadi urn Institute was 
founded. It entered into colhdmr&Lion with the companies estab¬ 
lished before the decree of 1914, the Standard Chemical Co,, the 
American Bad him Co., and the Sell linger Radium Co*, all located 
at Denver, Colo. t or near by h 
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With u carnot He of mender y idd (4UU tons yielding l grain of 
radium) hut of m sy manipulation, the Americans thus became the 
principal suppliers of radium to (he world and monopolized the 
industry to their profit. This continued until the Belgian Mining 
Society, Union Mini ere du Haul Congo, brought to light, in its 
copper concessions in the Belgian Congo, veins of pitchblende of 
great richness. 

Their first discovery of pitchblende was made in 101 ft in the cop- 
per mine of Luiswiehi. This was followed in 1016 by a second dis- 
lOVcry rpf the mineral in another mine of (Ike same company at 
Clunkolobwfi (Knsolo)* Systematic researches undertaken from the 
beginning of lEHil assisted in locating the urtiniferous veins. The 
first analyses made in the African laboratories of the Union were 
repealed by M. Schocp, professor in the university ul Gaud, who at 
the end of 1&21 confirmed the work of the first assays. Because of 
the richness of the ores, it was decided to transport them to Belgium 
for treatment The Andy of the process for extract ion was en¬ 
trusted to the Sod civ Geuerule Melallurgique of Hobokens. Under 
the direction of XL I,reman* with the collaboration of M. Clcrin 
Eind inspired by the investigations of Curie and Debierae, it per¬ 
fected the process of reduction of the ore, A factory for the 

1 real men! of the Congo mineral was then established a£ On Km in the 
Antwerp Campine* 

The work was pushed with such activity that the first cargo of 
mineral arrived at Antwerp on (he 6th of December, 1021, The first 
part of the plant was iu operation the fallowing &th of July, Dur¬ 
ing that interval of six months the process of extraction hud been 
developed and installed in the new' laboratory. 

The prospecting continued in 1024 con(irim'd the existence at 
Chinkolobwe of considerable quantities of rich mineral yielding up 
to GO per cent of uranium oxide. This would be capable of supply¬ 
ing the works at OuJen for u long period. The letter underwent 
rapid development and produced during 1023 regularly nearly 4 
grams of radium per month, assuring thus the supplying of two- 
thirds of lIic world’s consumption. 

When yon consider that the American mineral contained scarcely 

2 per cant of uranium oxide* and often ore was treated with only 
three fourths of 1 per cent, h ls not dlffkult to sec Lhat the American 
mines and works were forced to dose. The monopoly, uselessly at¬ 
tempted by the Austrians first, then to a great degree accomplished 
in the United Slates of America, has practically wholly passed into 
(he hands of the Belgians. The works all over the world have 
had to either close or dow up their production* the cost preventing 
any competition with the Belgian product Belgian radium can 
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amply supply the world. Even these laboratories are forced to 
restrict their production that their reserve of radium may not use¬ 
lessly augment. 

Radium compounds constitute the most espensive bodies of cur¬ 
rent commerce. The price of radium oscillates about 1,000,000 
francs per gram, while platinum readies 30 francs. M. Chau met, 
the well-known jeweler, has told me that a ruby may reach 750,000 
francs ]*?r grain while a perfect pearl weighing 50 grains would sell 
for 2 P 50Q T 000—say 1,000,000 francs per gram. 


RADIFEROLkS MINERAL^ 


Radium is scattered throughout the rocks of the earth's crust 
hut generally in infinitesimal qimhtities. Almost all the samples 
examined by the most sensitive methods show an extremely weak 
radioactivity; only the pure limestones and the quarts sands are 
nearly inactive. The waters of springs* mineral waters which have 
been in contact with radlferous earth, are almost always more or 
less radioactive* According to direct measures of Strutt, the ter¬ 
restrial crust contains on the average about -IXlt3r 4 ‘ grams per meter. 
The richest rock:- are the igneous granites-. The sedimentary rocks 
are mui-h less rich. All radioactive materials are composed of 
granitic rocks or have l)een derived from therm 

1 lie g I de. i o r p rim a ry i i ran l f e runs m i nc ra Is h five r ein a in&l tm- 
altered in the original rocks—like forgussemite, t ho ri unite. By the 
action of water upon these primary rocks* new minerals have been 
formed + sometimes within the original beds, sometimes Inside them. 
A great cmaxiitration of uranium may thus have resulted. Pitch* 
blende is typical of the secondary rocks* Finally, atmospheric 
agents, working upon the two preceding daises of minerals, have 
formed a third more rmuit class of which chalcolite, oiitntiitc* and 
ear xintito are typical* 

Pitchblende is essentially an oxide of uranium, DjO b . mixed with 
numerous impurities. The oxide Occurs sometimes only as a trace* 
sometimes in more massive formation. Many tdemenls occur among 
the impurities. The following table gives the principle component?! 
of a Hrh sample fro m Joachimstahl: 


y*(K- ____J_ 7f. 

Vfo# ______ _ ft 

so* ... a 


CaO___ _ 

FeO _„_ 

___ 


IV 

a 


Hie veins of tho Belgian Congo have given birth, tEiruii^h (he 
inUimeiiiiition of atmo^iheric agents, in a whale new series of coiii- 

Ijounils ..fitly t]j»w4-i-i ! him I Mij<li«l by Profosirtr .Srhoeti of 

Gaud* 
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Carootite m fi vanadiatc of uranium an A potassium. VjO^UO,*- 
K,0+3H f O t of fl yellow tint. It Is rarely found in a pure state. 
In the United States earnotito impregnates the old porous sands, 
giving them a pale yellow tint. The average mineral contains US 
to 2.K per cent of uranium oxide with 3,a per cent of the anhydrous 
V-G-. These sands extend through immense tracts in the States 
of Colorado find Utah in beds varying in thickness from U to 2 
meters or more. 

Autunite* PgO #+ 2l T O r O&O.SH a O l or <trmiiLt\ has been much ex¬ 
ploited in Portugal, in the Province of Beire Boixa, This mineral 
is prune to mechanical enrichment. 

i THE EXTRACTION OF RADIUM 

Tu Mmc, Curie and M. Debierne wi< owe tJ i-* method fur the c_\- 
Imction of radium from uianiferous minerals. All the process 
since developed utilize in their main lines the methods Instituted 
by these two scientists. 

The Austrian Government, whose mine in Jouddmstahl has been 
long workedi extracts the uranium from the pitchblende by a 
fusion of the pulverized mineral with sodium sulphate. Under 
such conditions, the sulphate changes the uranium oxide into sodium 
m uriate, easily soluble in dilute sulphuric add. During the fusion, 
(hr radium, if not 3 lI ready in this state, is changed into an insoluble 
sulphate which remains in the residue. It was these residues, 
accumulated about the Austrian works, which served, we have 
already seen, as the first material for the isolation of radium. 

We will now state the method used in America in the treatment of 
carnotite. Ids is method was applied on a very large scale, about 
150 grams of radium resulting from the treatment of more than 
750JJOO tons of the active srmd. Then we will indiraio the modifi¬ 
cation*! which were necessary for the treatment of pitchblende, 

TREATMENT OF THE AMERICAN MINERAL I'AftNOTITE 

The ore arrives nt the works in sacks marked with figures which 
indicate the richness in uranium determined approximately by means 
of an tt-ray electroscope. 

The principle of the method of reduction is very simple. The 
sands impregnated with carnotite are treated w ith a warm solution 
of hydrochloric acid which dissolves the carnotite with its elements, 
vanadium, uranium, am! radium. Tim addition of sulphuric acid 
precipitates the insoluble barytes, always present* carrying along 
with them all the radium m radium sulphate. Since the presence 
of barium is necessary in the subsequent stages of the process* some 
if? added if the mineral itself contains an insufficient quantity. 
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"llir insoluble sulphate are first purified and enriched by chang¬ 
ing them in an autoclave under pressure into alkaline carbonates; 
noxt they are changed into chlorides by solution of these carbonates 
eh hydrochloric acrid These operations are repeated a second time 
2 ifl<-r which the carbonate are rich enough to be passed into the 
crystal)lotion laboratory- At the time of the solution of the 
carlx>nates in hydrochloric acid, a radiferoiis silica is always predp- 
dated which is given a special treatment fur its radium* The car- 
Ixm&tftH are finally transformed into chloride These chlorides, es¬ 
sentially a mixture of the chlorides of barium and radium, arc sub¬ 
mitted to fractional crystallization. 

When a certain richness in radium is reached, it is best to trans¬ 
form the chlorides into bromides; the product undergoes an in¬ 
crease in richness. Moreover, commercially radium is used as the 
bromide. 

The initial hydrochloric liquid containing the vanadium is treated 
lo recover the vanadium, The solution is neutralized by sodium car¬ 
bonate, then earned to the boiling point, in order to carry the 
vanadium into a precipitate of voniidic add containing iron, uranium, 
elr. All the vanadium is never precipitated. The addition of soda 
to the liquid just separated from the vanadium precipitates the 
uranium as the insoluble tinmiUe of sodium, currying down with 
the precipitate the greater part of the remaining vanadium, Tn 
the United States they go no farther than this first precipitation 
which gives the oxide of vanadium, since the demand for vanadium 
is very small. 

We will now consider some of the details in the separation of 
barium and radium. It depends upon the difference in solubility 
of the two chlorides or the two bromides* those of radium being the 
Jess soluble. The operations commence with the chlorides am] are 
finished with the bromides when the concentration of the radium 
has reached a minimum of 20 milligrams of radium per kilogram 
of the salt. 

The ratio between the concentration In the crystals separated to 
that of the initial crystals is called the factor of crysUUkatJon, The 
concentration of radium Is generally defined by the number of mil It- 
grams of radium contained In a gram or a kilogram of the anhydrous 
crystal. 

In the mm of the chlorides, the factor of crystallization is J.6, w hen 
Lhe crystals separated represent *0 per cent of the total weight 
treated. With the bromides the factor is raised to 23 with a separa¬ 
tion of crystals amounting to 42 per cent of the total. 

The following sketch (Barker) shows very dearly the march of 
crystallization securing with the chlorides, dividing at each crystal- 
ILcation a half of the salt into two equal parte. At the start a kilo- 
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pTiim uf t he chloride is supposed t« bo taken containing IfiO milli¬ 
grams of radium. 

Eat 1 lb cireie represents the composition of n portion before crystal¬ 
lization ; the figures shove givo die weight of the crystals, the 
figures below the concentration in radium referred to 1 kilogram 
of (lie suit. Each figure at ihe side gives the quantity of radium 
itt the portion. 

After the first fractionation, the kilogram of .salt is divided into 
two parts. A and R each weighing .lOO grams and having concentra- 



J’im. t.—The fmcLlonaJ ^biiMlliJitlaD vL radium ch\ui Idu 


lions of 1.60 and 40, respectively* The portions A and B ^ive 
further ttie fractions A, A, ami B* B = dirOmcteriz^d by the follow¬ 
ing figures: 


Tortfoa 

Mis* 

CfiUttR. 
tntkin in 

CntlhLcn 


Gt&tnt 

“ 

2» 

2W1 

*1 

H 

1ft 

i i t1 

^l-TTTTTl e ■ ■ ■ ■ ■ ■■■■■■■ «■■;!, 1 1 —- - __ HB . TTTTTTtTiBiB a a A J [ ^ .. 





Note tliat the portions A a anti B t have the same concentration in 
radiimi. The portions are combined so that there remains three 
parts: A, A*+B t B a . 

Similarly the mother Junior* from the treatment A t are added to 
tile crystals from the treatment of A v -|-B s while the mother liquors 
of lhe la&L fraction go to the crystals obtained from the fraction B r 
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Thus, thou nil at first the mini!*!!* of fractions keeps on augmenting, 
there is soon reached a stage of constant fractionation, for it is best 
to eliminate from time to time the poorest solutions and the richest 
solutions as indicated in the diagram; for instance, in the fifth 
series of fractionations there is removed from the scries of operations 
"Trains of crystals in a concentration of 2.7 milligrams* These 
residues will later reenter into the procedure. 

At the fourth fractionation crystals are obtained having practi¬ 
cally the concentration of the original salt. Wo may at this stage 
profit by introducing a certain quantity of the original salt into the 
ensemble as indicated in the figure* This artifice has the added 
advantage of increasing the mass of certain fraction at iims + At the 
seventh fructii anal ion this process may Ijc repeated* 

We can compute the number of series of fractionations necessary 
to obtain a given concentration. I jet us suppose that wo start out 
with a chloride solution containing in l be dry state 0.76 milligrams 
of radium per kilogram and that we wish to attain u concentration 
of 20 milligrams of the radium. After a fractionation the concen¬ 
tration of the richer portion is 0.70X1*6; the se cond series will give 
for the richer portion 0 76X (1*6) a ; after n series we will have 
JVTGX (1*6) B , Accordingly! 

0 JflX(US) p =20 

whence we obtain n equals 7« 

It b best now to continue the fractional'.tuna after transformation 
of the chlorides into bromides. If we now wish hi attain a ■.■•m-vn- 
t ration of 1 per rent in radium, it wilt be necessary to make series 
of f nut inns, n being given by the relationship : 

(35) ■= (1(1,000/20) 

whence m equals 8. 

Now let us consider the results of a fractional ion starting with 
134.25 kilograms of anhydrous chlorides containing 102.8 milligrams 


of radium and curried to a concentration of 1.1 per cent of radium. 
We have: 

Eadlatn la the InLtlal cblorlec^. . t _ 5 — __ __ __ _ 102.SO 

Ifcuilmu elimtantwl In The chloride rracttonntiiia______ _ 2 29 

leadbim eliminated In the bromide fractioimlLaji __„ 41 

Radiaio carried down with the pmdpUutlon of lead_ _ ___ | ^ 

lend In tu in the final salt at 1.1 per cent _—_____ ^ 04 


In order to obtain a like result, it would las necessary in the frac¬ 
tionation of bromide, for example, to take out the rich portion at tlte 
eighth crystallization and then to continue the progressive enrich¬ 
ment, with the elimination of the rich fractions so m to condense 
ihe greater part of the radium into the enriched quota. This an- 
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tails nn n consequence the retiring during the operations of only a 
-moll quantity of the poorer liquids, since only 2.70 milligrams of 
radium are discarded during the process From time to time we 
eliminate by a current of hydrogen sulphide the lead which always 
exists in small quantities in the solution. As indicated in the above 
table the resulting sulphide of lead carries^ down with it some of 
the radioactive matter. 

The table shows the flexibility of the fractionation and how it 
can be varied to suit the end desired. 

The above data comes from Prof. Howard II. Parker, of the 
University of Missouri, who marie very important researches on 
ciirootite. lie has pushed the concentration even further. He pro¬ 
poses to conduct the operation* so as to have & radium bromide 
nearly 0(1 per cent pure. The following table gives some of the 


data relative to the proposed fractionation: 

ifLJHxrqtni 

rindliiEq In the initial salt 1.1 jht (fut Emrc _ ____ Qd M 

iCn n I [ttm abtiilEfcti ns tltc tmHiiMc ss pi« h r cent put?.._ ___ 02, Oft 

Bftrfltim obtains! m a $*lt at 1.415 jteir rent pure____ __ ^ B1 

Itldlum i iht ji 3 n uni aa tt milt at IXOS j*if wnt pyro_ __ . sa 

9^-5 per rant of the radium is accordingly obtained in the form of 
bromide SB per cent pure. 


All the tubes of milium bromide thus prepared are stored in a 
room very dictum, from the physical laboratory. They are cx- 
tuutuad several times to determine their richness in radium. Gen¬ 
erally three determinations of the radium imprisoned in each tube 
are inude by means of lUc 7 -rays: First, soon after die closing of 
the tube when there i* scnsUdv no emanation; second, four days 
later corresponding to the time for the growth of one-half the ema¬ 
nation for equilibrium: and filially^ nlxnit a month later when radio¬ 
active equilibrium is practically attained 

The worts and the laboratory establish a definite schedule of oper¬ 
ations, They keep an accurate account of the amount of radium in 
the original material* the mineral in Hie works, the radioactive car- 
1 senates for the laboratory and the quantity of radium obtained at 
the end of the operations, the oarbpatea for the works amt the tubes 
for the laljoraiory. From this final result may lx judged the eUi- 
deucy of the various steps. 

TREATMENT f>F PITCHBLENDE 

Tlio industrial treatment of pitchblende residues as carried out by 
the Austrian Government in the works at Joacbimstahf is practically 
the same as the method first elaborated by Mine. Curie and M. 
Hebiernc. 'Hie chowiits at the works at Oolen, while deriving ideas 
from (he previous process, have conceived for the treatment of the 
7WH1 —20 - 16 
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Congo muteml u method of extraction based upon the same princi¬ 
ples h* that of Mine. Curie but involving some original ideas in its 
application. 

The dominant impurities in the llrsi Belgian material were copper, 
iron, lead, phosphoric acid, alumina, and silica. For their elimina¬ 
tion at the beginning, (Jip mineral is pulverized and submitted {for- 
lowing M. Lee man a} to the four following operations: 

L Attack with acids for the elimination and separation of 
uranium, iron, copper, and phosphoric add 

*2. Treatment with a sodium chloride solution for the diminution 
nf lead with final precipitation of the metal and the regeneration of 
the brine. 

3« Treatment with hydrochloric acid to eventually eliminate the 
calcium, 

4. Treatment with sodium carbonate to eliminate the sulphuric 

add. 

At the conclusion of these operations the radium remains in an 
insoluble form mixed with the silica. This insolubility of radium 
requires either that it crista at the .start as a sulphate in the mineral, 
w hich is not very likely* or that it is first changed into the sulphate. 
Tor instance, by heating it with sodium sulphate as is done at 
rloachimstalil. It is then possible to eliminate the imparities by 
treatment with acids. Hydrochloric arid, 13 d Bourne and warm, is 
particularly recommended for this step. The chloride of lead 
formed, baing only slightly soluble in the hydrochloric acid solution* 
*\tn doubtless be eliminated by a concentrated solution of sodium 
chloride sol nr ion with which it forms a double salt. The calcium 
sulphate can be removed with warm hydrochloric acid In which 
gypsum is quite soluble. Finally treatment with sodium carbonate 
transforms I be sulphates of bait urn and radium which are insoluble 
with the silica, into carbonates soluble in hydrochloric acid and they 
can thus be removed from the silica* 

All this earlier part of the process-, which entails some 40 opera¬ 
tions—filtration* washing, etc.—are carried out in the first building. 
I here results a mixture of impure chlorides of radium and barium 
in which the radium is mixed with one hundred and twenty-five 
thousand times its weight of inactive matter. The impurities have 
Ijccu thus reduced one two-hundredth of their original amount. 
b som this point the process is continued ns with the mrnotites. 

In a second phase of (he work the chlorides are purified by trans¬ 
forming them several times into sulphates and carbonates, and 
when the purification has become sufficient the last phase of the 
process commences: the enrichment of the radium bv fractional 
crystallization at first in the form of chlorides and then as bromides* 
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The transform til ton into the chlorides is best made through the help 
of the carbonates which are finally dissolved in a hydrobromic acid 
solution. 

In the first series of fractionations nil the enriched portions are 
collected us soon as tiiey have reached a quota of 0.05 per cent of 
radium. The initial solution of chlorides contained only 0.0001 per 
cent; accordingly, this enrichment is in the ratio to the first state as 
125 to 1. T]iis first fractionation takes place in enameled vats, 60 in 
number, the size of which decreases from the first for the entrance of 
the material to the last for the enriched crystals. 

The work is now continued in the lulmratory. Each batch for 
further purification contains some 2 to 3 prams of radium in a 
mixture of some 5 to fi kilos of the mixed chlorides. 

During the process of concentration the lead is eliminated from 
time to lime by the passage of a current of hydrogen sulphide. All 
the operal ions require the use of very pure distilled water, for the 
least trace of sulphuric acid, not even detectable with barium chloride, 
will precipitate the indium as a sulphate less soluble than tlmt of 
barium. Generally a little barium chloride is added to the water to 
be distilled to remove the least trace of sulphuric acid. 

At the works at Ooten the last fractionation is reached when the 
radium bromide has become f>5 to 06 per cent pure; that is the market¬ 
able form of radium. 

The crystals thus obtained hold two molecules of water and must be 
dried to preclude an explosive decomposition of the water. An abso¬ 
lute dedication is obtained by heating the salt up to fusion. It then 
appears as a whitish mass very luminous in the dark. It is preserved 
in glass tubes, sealed by melting the glass. 

We have noted the important part played during the course of 
treatment by measures of radioactivity. To avoid the disturbing- 
action of any secondary or parasitic radioactivity the measuring 
laboratory is situated about a kilometer (6.6 mile) distant from the 
works. 

When the y-ravs alone are desired, the sulphate of radium U pref¬ 
erably used; its greater insolubility giving better guaranty against 
loss. lint if the emanation is desired, a soluble form is necessary, so 
that it may be easily removed from the emanation. 

The following table gives the amount of radium in the principal 
forms found on the market: 

KnClt _ 

RuErj. -- - --„- 

Etttfirt.2HiO- _____.™_ 

ffciSO. ______ _ _ 
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RADIUM STATISTICS 

The mines of Jnachimstahl up to 19:12 had produced S3 grams uf 
radium. We may estimate that the European Lota I up to the begin¬ 
ning of the Belgian entrance In the field was about 60 grams. 

AH the previous manufacture of radium was greatly surpassed by 
the American production which amounted almost to a monopoly. 
According to Sir. K. L. Kithill, one of the directors of the American 
works at Denver, them had been taken from c« motile 160 to 165 
grams of radium.* 

Since the Sucietc Minierc of Haul Katanga begun to pul its radium 
un the market, most of the other works have ceased opera lions. The 
great works built by the Americans are Idle awaiting the exhaustion 
of Hie Belgian minerals before starting up again. We have no in¬ 
formation upon the possibility of such a weakening in their pro¬ 
duction, since the Societe Mi nitre of limit Katanga jealously keeps 
secret all the results of its prospecting. 

However that may be, the works at Oolen, from which the first 
tube of radium appeared on the market in August, 1922, produced 
that year 15 grams of radium. During the following year they pro¬ 
duced at the rate of 4 grams per mouth, and therefore up to the end 
of 1624 had produced lib grams of radium. However, such a pro¬ 
duction is ahead of the market demand and they had to slow up or 
accumulate reserves; in fact, according to the financial journals its 
sales were limited during 1924 to 22 grams. 

i'Vom all this, it seems as though wo would Lai near the truth in 
stating that the amount of radium actually now available, including 
the Belgian stocks, should lie about 300 to 310 grams, having a value 
of more than 300,000,000 francs. 

. In 1923 the hospitals and medical institutions of the United States 
of America owned a total of mom than 120 grams of radium: 
another much smaller quantity was in the hands of the scientists in 
the universities and scientific instllulions. America therefore has 
more than one half of the radium available at present. 

If we could gather the 300 grams of radium which has been iso¬ 
lated, for the purpose of separating its emanation, we could obtain 
20 cubic millimeters, susceptible of giving 31 kilogram calories per 
hour. 

How has the price of radium varied! Tlie following table gives 
the price in dollars per milligram of the elementary radium since 
1904: 


x Ttu4 ftnlnm irntTfl l**n th-tcfftij [nr*| from 1iha aluoLllil nf fn.rl|lIJH. hcHJIfM mr'je in the 
nnhjdrouA U*net\w*m In Ibr hydrate tnsrt, m iBial lb** fl whmM &r mullily 

rfdiimi ns hill ifl all lit jt f I.pcL i"ri dnriT-cd ftta tbrnm. 
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10 W --- $10 to $20 

1005—.— -..._ 36 |o 50 

1000- __ _ CO 

JHOtl-IlilO - 75 ID 135 

1011 1 Oil?.. _ . _ 150 

The price of milium therefore rapidly increased from $10 to $100, 
pilling through u maximum of $1SD. The radium from the Ameri¬ 
can in mo tiles lone mi 1 liiq price from $100 to $1’20-$110; it then kept 
*t about $110 until the appearance of the Belgian product upon the 
market lowered it to $70. Allowing 50 fra tics to the dollar, radium 
sells at 1,(00 finnts per milligram. 

The sale of radium requires a complicated organization, since it is 
necessary to get at u very special clientele —the physicians and hos¬ 
pitals. The producer of radium must educate his clients, support 
the expense of schools and medical meetings, and seek out new per¬ 
manent openings. The Americans have created during their ten 
years of efforts a powerful organization of instruction and propa¬ 
ganda* F urther, the Union Minierc has concluded with two princi¬ 
pal groups of American producers, the Standard Chemical Co. and 
the Itadium Co. of Colorado, a contract which allows it to use to its 
own pro lit the American organizations for propaganda for the use 
of radium. These producers have thus been transformed into com¬ 
mercial agents also. 

The Union Minierc in lowering the price of radium from $1WJ to 
$70 has doubtless thus contributed U> the useful applications of 
radium* ft is but just to add in closing that they graciously put il 
grams of radium at the disposal of the Curie Foundation. 

APPLICATIONS OF RADIUM 

The only practical application is in its use in therapeutics. 1 do 
not wish to penetrate into a domain which is foreign to my experi¬ 
ence and will only indicate that the treatment with radium has 
often given very' fortunate results in the treatment of lupus, super¬ 
ficial ulcers, arteriosclerosis, gout, rheumatism, etc. Especially is it 
used in the light against cancer. 

The therapeutic technique of radium is very complicated. Indeed, 
radium emits radiations which are practically very penetrating X- 
rays; it projects electrons having very great velocities and endowed 
with certain penetrating powers and four groups of a-particles char¬ 
acterized each with a particular velocity. These latter particles, 
which have practically no penetrating ]>ower, can act only on the 
-surface of tissues in contact with the radium. We can therefore in¬ 
ject a very dilute solution of an active body into an organ or submit 
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that organ at each of its parts to the action of all the radium radia¬ 
tions. Kadi of those radiations evidently can and does have a 
specific action which is further dependent upon the duration of the 
action and its intensity. One immediately sees how difficult it is to 
pict out a particular action so that it may exercise Its particular 
power. We may thus understand the complexity of the problems 
which arc met with in the employment of radium in therapeutics. 


SmitMoniir. Raptm, 1925.— MnugMA 
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THE CHEMISTRY OF SOLIDS 1 


By l J rr.f, Ckqil H. L>k=h.'u. F. R. S, 


It is remarkable liow Little wa know with any certainty about 
l he chemical properties of solids although the idea of n solid is 
ho fundamental At the present time we always begin the study of 
dbemistry with the gases on account of the simpUdty of their mathe¬ 
matical treatment, buL St must be remembered that this simplicity 
is the result of long study and of many discoveries. To the un¬ 
scientific mind the solid is simpler, because more tangible. When 
men have tried to understand gases, they have expressed themselves 
in terms of solids. The atom, however attenuated it may have 
become in recent years, was in the Erst instance e^ntiully a solid 
sphere, and the elasticity of gases has been explained in terms of 
the collision of elastic solid particles in motion. 

Our conception of liquids has been based in the name way on the 
idea of moving particles, themselves thought of in terms of the 
solid state. Yet, of solids themselves, whilst our knowledge of their 
physical and mechanical properties is very extensive, our chemi¬ 
cal in format Ion is of the most meager kind. IS: was an old doctrine 
I hat chemical reactions could only proceed in the gaseous or liquid 
stato$f so that chemical action on a solid was always preceded by 
the tearing oil of atoms from the surface under the influence of 
electrical forces. That view can no longer be maintained. Chemi¬ 
cal reactions can occur within or at the surface of n solid, but the 
experimental difficulties are sometimes such as to make the exact 
investigation of the subject a difficult matter. 

In the modern conception of a solid* the atoms are characterized 
by a regular arrangement in space, that arrangement being repeated 
so as to build up a crystalline lattice* Crystals and aggregates 
of crystals are thus the only true solids, gases being regarded as 
under-cooled liquids of high viscosity. The X-ray method devel¬ 
oped by Lane and by IV. H. and W. Lr, Bragg 1ms made It possible 
to determine, not only the class of a crystal, hut also the exact lat- 
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ticc possiblu to eryslah belonging to it lint rk\ The connection 
between the chemical pro]wrti& find the crystalline structure still 
ton 111 ins iiulrirrmmate, a I though it must Ik? very inti mute. 

There are miuiy reasons why the chemical study of sol ills should 
receive greater attention, In metallurgy f idtlupij'di meiuls and 
alloys may, and most frequently do. piss through a molten stage in 
Lhu course of their manufacture, they muy undergo many important 
changes of structure and L-unalitutmn aiL kmiperutures far la-Iow 
that at which the Ju^T Liquid portions have completely solidified, 
iiiid these changes may be so fur-teaching as to convert uu alloy 
hi to one seem i ngl y u f an enti re ly iii tteren L i: Lass, a 3 though the gross 
chemical composition has not altered. The petrolnglst, especially 
when dealing with igneous and metumorphic rocks, has to consider 
reactions which proceed in the midst of solids of high rigidity. 
Several industries, such us tbit of cement, arc based on reactions 
of the same kind as those with which the petrojogisl has to deal. 
Sintering is not always due to the presence of small quantities of 
molten material between the solid particles, and it is now certain 
that union of solid masses under pressure may occur without actual 
melting. This was shown by Spring 40 years uno, but for long, 
although frequently quoted, liis results received little consideration. 

The most striking application of the principle is seen in the metal¬ 
lurgy of tungsten. This metal was formerly described as very hard 
and brittle, and it is not possible, by casting it and then annealing, 
to bring it to a ductile form. I he method now adopted is to prepare 
it in the form of a pure powder, and then to bring it to a compact 
suite by com p ressmg, bating, and ha mine ring while very hot, urn] 
finally drawing. As this process is continued, and as an originally 
thick rod becomes extended into a slender wire, the brittleness pro¬ 
gressively disa] pears, ami at List the tungsten is obtained in those 
beautiful ti laments, drawn In extreme fineness* with which we are 
familiar in our electric light bulbs and wireless valves. A somewhat 
simitar example is that of the adhesion of an electrolyticaliy de¬ 
posited metal to its support, which is sometimes so perfect eis to 
approach the breaking strength of one of the metals, although 
inrerpehetrahon of crystals is not to be seen under flic microscope. 
There another as fast of the chemistry of solids which will make 
an appeal to some who are not chemists, but amateur siudcnis of 
nature. The great beauty of natural crystals has attracted the atten¬ 
tion of poets and artists us well us men of sciatica. Much of this 
beauty depends on the curving habit of one and the same crystal 
species. Even with midi a common mineral as quarts it is possible 
un entering a mineral collection to point to some of the crystals 
exposed, and to name their local Ely* when onro the form has become 
familiar. The same is true of other minerals. AYhy should there 
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Ik-j this variatioDj when tile chemical cimipositiun of the dbtiuol 
varieties may be identical, so far us? analysis is able to give infur- 
mutioD Sf 

A^jiin* LIlo crystalline system will rml accuuiit for the diHeruiice.s 
m the building up of individuate to form aggregates Reek salt 
und cuprite crystallize in cubes, and the space lattice ha* a very 
similar form in flu: two mim-L'als; but when the *alt forms muili|jJ«- 
growths, lhe cubes arrange themselves in rhannlenstie stepped 
pyramids, whilst the red oxide of copper may form the hjosL 1 n-uuii~ 
fill hair-like threads, a tissue of .scarlet silk, as fins kin calls it. 
Neither mineral ever assume* a form which is characteristic of the 
other, the simple cube being once departed from. Why should this 
3>e* It is known that the presence of traces of foreign matter may 
cause differences of habit, the most famous example being that of 
the crystallisation of common salt in octahedm instead uf cubes when 
a small quantity of urea is added to the solution, but ihc explanation 
of these facts is still imperfect. 

1 he work of Johnson and of Gross has shown that l lie appearance 
of & face on a crystal placed in a saperautitrated elution is really 
determined by the velocity of growth in u direction normal to that 
face, those fares being produced which have a minimum velocity 
of growth. Burnt- light is thrown on the subject by □ study of the 
growth uf u crystal when sulvent is completely excluded, tlir- pub- 
>i:iiuv used being .sublimed in a vacuum. This has been undertaken 
by Vulim-r-, who limit? tfmt cadmium, zinc, and mercury crystals 
grow in this way in a high vacuum. iVheti small nuclei are present, 
those grow which have the fat e with the smallest velocity uf growth 
(perpendicular to the stream of impinging molecules. The difference 
between different faces are large, so that under these conditions 
either flat tables or long prisms are usually formed, according to 
the direction of the original nucleus. The crystal grows by the addi¬ 
tion of thin himinio. probably only one molecule thick, which spread 
over the surface. This is likely to be the process when the crystal 
is growing in a solutiun or in a molten mass., as well as in the vapor; 
anti, in fact, when cadmium or tin is being deposited electrolytic ally 
jit b cathode, or when lead iodide is being formed from a solution of 
w lead salt and an iodide, the growth of the crystal may lx? watched 
under I he microscope, when a thin film begins to form at some point 
on a face, and extends over the face, maintaining a uniform thickness 
throughout. It is realized that in the presence of a foreign sub¬ 
stance, cither molecules or ions may attach themselves to such ji sur¬ 
face by their residua] affinity, and this mill necessarily afTis;| the 
addition of further layers of the original substance. To h a her words, 
the velocity of crystallization in a direction normal to that far* will 
Ijc changed. As the residual affinity of different faces of a crystal 
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must} from the ordinary conception of an atomic space lattice, 
b© different, the habit of the crystal, that is, the relative development 
of different faces, will be altered by the pi-esence of a foreign sub¬ 
stance, It is on these lines that an explanation of differences of 
habit must be sought. 

When a face of a crystal is brought into contact with an etching 
reagent, such as water for rock salt, hydrofluoric acid for quarts 
or cupric ammonium chloride for iron* the surface is not dissolved 
away evenly, leaving it smooth , but characteristic etching pits are 
produced, the sides of the pits being evidently crystal faces. Tills 
shows that chemical action proceeds more readily along certain planes 
of o crystal than along others, a fact which we should expect from 
the general properties of the space lattice. It is not explained, 
however, why these etching pits should appear at first separate 
from one another, the intervening fportions of the surface being tin- 
attacked- Minute particles of some impurity, causing local elec¬ 
trolytic differences, suggest themselves as u possible cause, but it is 
unlikely that they would be so evenly scattered ln s for example, 
a quarts! crystal as to produce the regular distribution which is 
often observed. Minute inequalities of level, which may be of a 
periodic character, arc more probable, nnd this suggestion is strength¬ 
ened by the idTservalion that a polished face of rock salt dissolves 
evenly in water, whlhft a natural cleavage face shows etching pda- 

It is now possible, when pursuing the study of solids, to eliminate 
mm of ihe disturbing factors, the inter-crystalline boundary , by 
making experiments with specimens composed of n single crystal 
There are several ways of preparing single metallic crystals of 
such a size as to allow of the determination of their physical and 
mechanical properties. Even so brittle a metal as zinc has an extra¬ 
ordinary ductility in single crystals. The mechanism of deforma¬ 
tion has been examined in detail by means of X-rays, There is now 
a large body of evidence as to the dirations of slip in a crystal 
during deformation, and thin knowledge is essential to any under^ 
standing of the nature of cohesion, with which the chemical proper- 
lies lire no doubt closely connected. 

We may now turn to the subject of chemical reactions which take 
place in the interior of a solid, either originating at the surface 
Of from nuclei which make a spentancons appearance in the course 
of cooling below the melting [aunt. A chemical change which has 
begun nt some jaunt in or at the surface of a homogeneous crystal¬ 
line mass cannot advance unless I he atoms are able in some way to 
change their places, (iross movements, represented in gases and 
liquids by convection currents, are out of the question, but the slower 
pnxtst of diffusion, by which atoms or molecules eon make their 
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way through the solid, must be possible. Experiment shows that 
diffusion in solids, whilst naturally u slow prnetvs in comparison 
with diffusion in liquid!-, proceeds at quite measurable rales. 

The classical example ol such measurements, and lor many years 
the only one. is the study of the diffusion of gold in solid load, 
undertaken by lioberts-Austen in 1H9C. A much simpler example 
is that of silver and gold, two tnetals which resemble one another 
closely in chemical character mid in atomic volume, so that diffusion 
causes less change of properties than in auv pair of less closely 
similar metals. The experimental results prove, as might have been 
anticipated, that diffusion is a much slower process when there is 
so little difference in chemical character. When the two kinds of 
atoms are closely alike, the tendency to diffuse must be small, but 
it is certainly not zero. By making use of an ingenious device, 
Hevesy bus been able to determine the coefficient of self-diffusion 
of liquid and solid lead. Two isotopes should not differ appreciably 
in their rates of diffusion, so that when the radioactive isotope 
thorium 11 is allowed in diffuse in ordinary lend, the experiment is 
equivalent to selecting a certain number of lead atoms and attaching 
itibds to them by which they may be identified in the course of 
their journey. In this way he found that the diffusion in liquid 
lead near to the melting point was of the order of that of salt in 
water, but that in the solid state it was very small. Further experi¬ 
ments, using a thin foil, proved that at 2° below the melting point 
the rate \v«> I 10,000 of that in molten lead. 

When a liquid mixture of two substances which are miscible in the 
solid as well as in the molten condition, such u±t mi alloy of copper 
and nickel or a fused mass of allele and snort hi to, begins to solidify, 
the composition of the crystals has to adjust itself continuously in 
order to maintain equilibrium with the changing liquid phase, us 
was shown by Ruozeboom in his classical work ou solid solutions. 
Such an adjustment is only possible by means of diffusion, and 
when cooling is sufficiently slow, the adjustment docs in fact keep 
pace with the change in the liquid, but with more rapid cooling the 
interior of each crystal differs in composition from its outer layers, 
there bring a cun central ion gradient from the center to the boundary. 
TIiis condition produces the cored ” crystals which are familiar 
to every metallurgist, and the ’* stoned ” crystals of the mineralogist. 
In moat alloys this want of homogeneity disappears after a suffi¬ 
ciently long period of heating at some temperature below that at 
which the first draps of liquid are formed, but alloys of bismuth 
and antimony fail to become uniform even after wrecks of annealing, 
whilst the felspars and similar minerals have never been persuaded 
to lose thdr zoned structure by any methods known in the laboratory. 
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Brimi has shown and Vegavd lifts confirmed the observation by 
the X-ray method, that true interdiffusion occurs between potassium 
uihJ sodium chlorides when mixed am I heated in the solid state. 
Electrolytic transport is observed In the solid halides of silver and 
in mixtures of silver ami copper sulphides, but the modern view of 
the structure of such substances represents them as built up of Iuels 
rather than of neutral atoms, and this most be taken into account in 
any interpretation of the facts. The apparent absence of diffusion 
in minerals which have once solidified, even when given geological 
periods of time, is a serious difficulty in the way of any general 
theory of diffusion. Such examples of the passage of alkali me Lai* 
through quartz and other si I id oils minerals under the influence of 
a difference of electric potential arc probably not ex am pies of true 
diffusion at all, but merely of the passage of traces of impurities 
through a iduss which is not completely impervious 

A new field of investigation Ims been opened up by Tusmnann in 
bis attempts to determine the arrangers lent of the atoms in solid 
solutions by purely chemical means, by studying the action of 
chemical reagents on the solid. It is u familiar fact that the 
w parting” of silver and gold in si&mying, which consists in dis¬ 
solving out the silver from the alloy by means of nitric or sulphuric 
acid, is only possible when the silver forms more than per cent of 
the alloy, When gold is present in excess of this proportion, only 
a little silver is removed from the surface, and the action then comes 
to a standstill, the acid being unable to penetrate to the interior. 
Assuming the alloy to be completely crystalline, the atoms of silver 
and gold will occupy the points of the space lattice, und ds the two 
metals have face-centered lattices of only slightly differing dimen¬ 
sions, the amount of distortion will lue small. There are, however, 
different ways of arranging the two kinds of atom*. They may be 
distributed at random, or they may be so regularly arranged m to 
form two interpenetrating cubic lattices. 

The two forms of distribution may be distinguished by means of 
the X rays* but Tammann has also drawn conclusions on the point 
from Uie action of various reagents on the alloys. He finds that 
each reagent which attacks stiver ceases to act on the alloys when 
the proportion of gold atom* in solution exceeds a certain limit, 
which is not the same for different reagents, but he states that it k 
always capable of being expressed as one-eighth* two-eighths, three- 
eighths* and so on, of the total number of atoms. The limits so 
found are not consistent with the distribution a*‘cording to the laws 
of probability, but they may he accounted for by a regular distribu¬ 
tion on the assumption that a certain number of inactive atoms k 
lUH^ssary to protect each atom of silver. 
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On the basis of these results, an ingenious theory of the action of 
***geate on solid solutions Ims been constructed, anil although the 
accuracy of the experimentally determined limits is not high, and 
there are several exceptions to the rules, ail interesting case has been 
made out. 

If our knowledge of the chemical properties of the interior of a 
crystal bo very incomplete, what are we to say of its surface? Of 
this we know still Jess. Even in a crystal of a pure metal there must 
be so tin.! difference in the structure at the immediate surface, on ac- 
count, of Lhc asymmetrical forces between the atoms in the outer¬ 
most layer and its neighbors. For so far as the radius of sensible 
atomic forces extends, therefore, there must be a condition different 
from that which prevails at a depth below the surface. One rouse- 
ijuencc is that the surface has residual affinity* which shows iLsdf 
in the case witli which foreign atoms or ions will attach themselves 
to it. That the forces acting are chemical is shown by the greai 
effect on the extent of adsorption of the chemical character of the 
solid and of the adsorbed substance. Films, often one atom thick, 
attach themselves to the solid, and are only removed with the great¬ 
est difficulty. Their presence makes the investigation of the prop¬ 
erties of a surface difficult, as the surface actually examined may 
he in reality quite different from that which is assumed to he pres¬ 
ent. In photochemical experiments with mercury it is usual to pre¬ 
pare a completely fresh surface of the liquid metal by causing it to 
flow continuously in a fountain* but this device can not be applied 
to solids. Only rarely can experiments be made with perfectly de¬ 
li Tied solid surfaces. Films of metal prepared by sublimation or 
sputtering in a vacuum arc probably the most under control, but 
other surfaces are commonly covered by invisible films. 

Schumacher lias recently shown that mercury wets glass and silica 
more and more readily as care h taken to remove films from them, 
and the property of not being wetted by mercury is probably not 
one of glass and silica, but of those substances coated with a film 
of gus* Metals most readily take up atoms of oxygen or other de¬ 
ments, forming persistent films, which play an important part in the 
phenomena of resistance to corrosion. 

There is one way of preparing a fresh surface of u crystalline 
solid for examination, and that is by cleavage. A freshly cleaved 
plat* of a mineral may be supposed to be clean at the moment of its 
formation, although it will rapidly take up foreign atoms from the 
surrounding gas* Tanunurm has made the lute reding observation 
that a fresh surface of mica is more soluble in water than an older 
one. Washing witli water immediately after cleaving extracts a 
quantity of alkali suits which is much above the normal solubility of 
mii'ii, and later washings extract only the normal quantity. It is sug- 
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grated that the separation of the flakes of iniea exposes the alkaline 
part of the molecules, which would be more readily attacked by 
water than the siliceous part. It will be interesting tn see whether 
the X-ray examination of mien confirms tjm arrangement* Again, 
however* a word of warning as to the effect of possible Impurities 
must be uttered. Natural minerals are not pine, and any uncom- 
bined alkaline salts present might well segregate along cleavage 
planes in the process of crystallization, and so give rise to the effect 
noticed above, but the figures recorded by Tammann are striking and 
suggestive. 

In this hurried review of a large field it may seem that I have 
presented rather our ignorance than our knowledge* my intention 
having been to show how much remains to be done before we can 
understand the chemical relations of solids as we do those of liquids 
and gases. One department of research is* however; more advanced 
than might have been supposed from my brief references to it. 
That is the study of the internal changes in metallic alloys us re- 
veailed by the microscope and by thermal and electrical methods 
Metallography has made wonder fid progress since the days of 
Her by, and it would repay studrnis of physical chemistry to give 
some attention to its main results even though they may not intend 
to make a special study of the subject* Nowhere are the benefits of 
the doctrine of phases of Willard Gibbs to be more dearly traced* 
whilst the recognition of every change of phase by microscopical 
examination,, making use of a technique which has been brought re 
ft high state of perfection, gives concrete reality to l he study by 
direct verification of its conclusions. 

To understand more thoroughly the mechanism of theso changes 
in alloys and to extend its application to salts minerals and 
rocks* we need n fuller knowledge of the relation between crys¬ 
tal structure and chemical behavior. Research on the mechanical 
ride is discovering the direction of planes of slip in the atomic space 
lattice under stress and it remains to determine the corresponding 
planes of greatest and least chemical activity towards a given re¬ 
agent, Next follows the still unsolved query as to the nature of the 
intercry stalling boundary, and the solution of these two problems 
will make it possible to define exactly the chemical character of a 
given aggregate of crystals The results will be of extreme interest 
for Ibt? study of metallurgy, of mineralogy* and of petrology, be¬ 
sides filling a serious gap in chemistry, serious because of the extent 
to which solids compose the world around us. and of the part which 
they play in our daily life, 
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By Danjej. L. IIa^aiuj 
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One -"f the early presidents of the American A^ieiution for the 
Advancement of Science in hLs presidential add re a- Mkcne I himself 
to a biennial plant. which for the first year devotes itself to storing 
np a reserve supply of plant food and in (he second year bursts into 
flower. The character of the flower is on indication of the adequacy 
of the stored food supply* The president of this* society is in much 
the same category* 

The close of the nineteenth century witnessed a marked quickening 
nf interest in the study of the earth’s magnetism* nf which one evi¬ 
dence w:is the expansion of he magnetic work of the I f nited States 
Const and Geodetic Survey, the establishment of a separate division 
of terrestrial magnetism, nnd the inauguration of a magnetic survey 
nf the United States. 

Xmw after the lapse of a quarter of a century, it will not be amiss 
to take account of stock and see to what extent our knowledge has 
been increased add how far we have advanced toward ihe solution of 
the perplexing problems of the causes of the earth's magnetism and 
its variations. 

It must be home In mind that the science of terrestrial magnetism 
is comparatively young. Although Gilbert in 1000 conceived the 
idea of the earth as a great magnet, similar to a spherical lodestone, 
he had almost no observational data with which to test Ilia theory* 
and it was not until 1838 that a fairly correct idea of the nature of 
the earth’s magnetism and its distribution was developed by Gauss 
from bis analysis of the results at that time available. With the 
character of the phenomenon established, the natural philosophers 
were quick to realise the importance of observations more widelv 
distributed over the earth as a prerequisite for a more effective study. 
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On the initiative of Humboldt and Gauss., supported by Herscbell, 
Knpfter, and Sabine, there was developed one of the earliest cases of 
international cooperation for Hie study of a world-wide phenomenon, 
which was remarkably sncce^ful when the conditions of transporta¬ 
tion and communication at thn.t time nre considered. Magnetic sur¬ 
reys were undertaken, observers were sent to regions where magnetic 
observations had not previously been marie, including the expedition 
of Rose to the vicinity of the magnetic south pole, and magnetic 
observatories were established abunt 1840, at widely separated points* 
for the study of the variations of the earth's magnetism. In spite of 
the imperfect instruments then availably the operation of these 
observatories served to establish the principal features of the short 
t*eriod variations of the earths magnetism, Some of them tvere dis¬ 
continued at the dose of the limited period for which international 
cooperation had been arranged, but others continued in operation 
much longer, some (as the one at Toronto, Canada] even to the 
present day* It is of interest to recall that, thanks to the zeal of 
A. IX Rache, later Superintendent of the Coast Survey, a magnetic 
observatory waa operated at Girard College, Philadelphia, from 1311 
to 1845, and that variation observations were made in this city from 
l&lfl to 1S45L One of the observatories established b} T Russia was 
at Sitka, Alaska, and was in operation from 1842 to 1SG7, The re¬ 
sults obtained brought out the fact that the variations of the earth’s 
magnetism are different in different magnetic latitudes and called at¬ 
tention to the probability of some relationship between the present 
of sun spots and the occurrence of auroras and magnetic storms on 
the earth. The desire for more information regarding the connection 
between these two terrestrial phenomena led to further international 
cooperation in the establishment of a ring of temporary magnetic 
observatories around the borders of the Arctic Ch'ean to lie operated 
for three years from 1882, 

From that time on Lhe interrst in the study of the earths magne¬ 
tism steadily increased, not only in the extension of magnetic sur¬ 
veys and in the operatton of additional magnetic observatories, but 
also in the discussion of the results and investigations regarding the 
cause of the phenomenon. 

In most countries the magnetic observatories were established as 
an adjunct to existing meteorological observatories and given a sub¬ 
ordinate position. At the meeting of the International Meteoro¬ 
logical Conference held in Paris in ISftG, however, recognition was 
given to the growing importance of the science of terrestrial mag¬ 
netism by the appointment of a Permanent Commission for Ter¬ 
restrial Magnetism and Atmospheric Electricity, 

A fresh impulse was given to the growdh of interest by the appear¬ 
ance in 1890 of the Journal of Terrestrial Magnetism edited by 
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Hitler, with the cooperation of most of the leading inngnrticiami 
of the world. This provided a medium for the Interchange of ideas 
and a forum for the discussion of problems of international import 
of much greater value than the triennial meetings of the international 
rom mission and helped to prepare the way for more ready act pi i- 
esenee in recommend a I ions of the Commission requiring interna¬ 
tional cooperation or agreement. 

The investigations of the nineteenth century had shown that 
definite conclusions regarding the causes of the earth’s magnetism 
and its variations could not he reached until more accurate, morn 
detailed, and more widely distributed observations had been made, 
and the first quarter of the twentieth century has bean characterized 
by almost world-wide activity in the accumulation of observational 
data. -More or less detailed magnetic surveys have be n made bv 
nearly every civilized country, new magnetic observatories have been 
established, instruments ami methods of observing have lasen im¬ 
proved, greater homogeneity of result* has been secured by national 
and international comparisons of instruments, ami a fuller and more 
prompt publication of result* has t«en the ride. 

In this accumulation of data the United Stales bus played a most 
important part, and that it has done so is largely the result of the 
energy and [jersistence of Dr. Louie A, Hauer. His efforts in HM®, 
backed by those of Dr. Henry S. Pritchett, at that time superin¬ 
tendent of the Coast and Geodetic Survey, resulted in the appropria¬ 
tion of funds necessary for the expansion of the magnetic work of 
that bureau, so that it became possible to make a general magnetic 
survey of the country, including the islands under its jurisdiction and 
parts of Alaska, and to establish and operate five widely separated 
magnetic observatories. This work was pi mined anil the magnetic 
survey carried well tow ard completion under bis direction. 

Design'd primarily to meet the practical needs of the navigator 
am] surveyor, this survey at the same time supplied the data needed 
for the study of ihe problems of the earth’s magnetism. 

lira IS zing that only a small portion of the earth’s surface, is 
occupied by the civilized nations and that it would be extremely diffi¬ 
cult to secure governmental funds fur work to lx* done outside a 
country’s jurisdiction. Bauer presented to the trustees of the Carnegie 
Institution of 'Washington a plan for the establishment of a bureau 
for international magnetic research, including a world magnetic sur¬ 
vey to supplement the work being done by other agencies. This plan 
was approved, and the Department of Terrestrial Magnetism of the 
Carnegie Institution of Washington was established in April, ItKU. 
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While in charge of the magnetic work uf llie Coast and Geodetic 
Survey, Bauer hod satisfied himself of the feasibility of making mag¬ 
netic observations at sen with nearly the same accuracy a^ on hind, 
if a suitable vessel could bo obtained. His plan for the world survey^ 
therefore, included provision for a magnetic survey of the ocean 
areas by means of a non magnetic vessel. This work at sea was car¬ 
ried cm successfully from 1905 to 19-21, first on the Galilee, a chartered 
-uiting vessel, and later on the 11 ^’ Iin f5 Vl,sscl lvlt . l ‘ 

auxiliary power, built for the purpose so nearly free of magnetic 
material as to practically eliminate the need of taking account of 
deviation corrections. 

While this work at sea was carried on primarily for scientific 
purposes, it Imd great iuynediate practical value in that it provided 
the moans for correcting the existing world isogonic charts, which 
were found to be seriously in error because of the insufficient data 
on which they were based. 

At the same time magnetic observers were sent to nearly all ac¬ 
cessible regions where magnetic surveys were not being made under 
other auspices and to some regions usually thought of as inaccessible. 
Asia. Africa, Smith America, Central America, Mexico, were alt the 
field of these far-reaching operations. In some instances, as in 
Canada, one season’s work l<y an observer of the Department of ler-« 
restrial Magnetism of the Carnegie Institution of Washington was 
sufficient to stimulate local interest to a point where means wore 
provided for continuing the work Under local auspices. Advantage 
was taken of these world-wide travels to secure comparisons of in¬ 
struments with the standards of the various magnetic observatories 
and other agencies engaged in making magnetic surveys, thus insur¬ 
ing a greatrr homogeneity of results, in some cases calling attention 
to defective instruments and in general emphasizing the importance 
of better instruments and methods. 

Some idea of the magnitude of the work done in this world mag¬ 
netic survey may he gained from the statement that it covered nil 
the ocean areas from latitude 70’ north to (50° south, nearly all of 
the land areas from 30° north to tJ0° south, excepting India and the 
Dutch East Indies, and in addition parts of China. Persia, and 
Canada. 

During the same jieriod governmental magnetic surveys hove l>ceii 
made in India, New Zealand. Dutch East Indies, Eolith Africa, 
Canada, and Russia (including Silwna), and resurveys have been 
made of Japan and the British Islands, and in Franc®, Prussia, 
and other European countries. Thus it will be seen that during the 
past 25 years there has been executed a world magnetic survey 
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covering practically the whole surface of 4he earth between Inlitud® 
W A north ami GP“ south* 

At the same time the making of magnetic observations has been 
recognized ns nr important part of the ivork of rm exploring expo- 
ditiotif and iis a result much information has been obtained regarding 
conditions in regions which would nut ordinarily be reached* Tliis 
is particularly trite of the polar regions. The Ziegler expedition to 
TeplitK Bay, in 1903 and 1#0 4 t Amimclscns work in the vicinity of the 
magnetic North Pole, 1EHJN1. and along the north coast of Siberia 

in 1918-4021, and the work of MacMillan's two expeditions served 
to mince materially the size of the magnetirally unexplored region 
around the North Pole, while the various South Polar expedition^ 
German, French, British, and Australasian, between 1003 and l!H2 f 
supplied a large n mount of valuable information regarding mug- 
netiu conditions on the borders of the Antarv-Lte Ckmtimmt, and served 
to locate the position of the south magnetic pole within mi now 
Iiini1& The operation of temporary magnetic observatories by some 
of the expedition^ made possible a comparison of the magnetic varin- 
lions in polar mgiom with those in lower latitudes, the value of ih<? 
comparison being enhanced by cooperation at a muulKT of leading 
observatories in the form of a more open time scale on the magneto- 
grams m specified times. 

While there were plenty of magnetic observatories in operation 25 
years ago, their distribution was very unsatisfactory. Out of about 
•1‘i UMikiiif£ reports. 70 per rent were in Europe: (here was only one 
in North America (Toronto), none in Sooth America, and oi.lv four 
in t lie Root hern I Icmisphere. With the new observatories established 
simv that time there has been a jffeat improvement in I he geogmplii- 
ml distribution, so that more than 50 per cent of the nraaoui active 
observatories are outride of Europe and in are in the Southern 
Hemisphere. Here again the Tnited Stales has taken a leading part. 
Observatories have been operated bv the CV»a.si and Geodetic Survey 
at Cheltenham, MtL; Tucson, Ariz,; Vieques, P. K. ; Sitka, Alaska; 
141,(1 near Honolulu, Hawaii, and by the Department of Terrestrial 
Magnetism at Wathmoo, Australia, and Hu&neayo, Peru. Other new 
observatories at Cordova and New Year Island, Argentina; Yns- 
sotlras, Hrwil; Apia. Samoa: Christ Church, New Zealand: Delmi 
Dim. India; Helwan, Egypt; Sodinkyla, Finland, and Meanook, 
Canada, have ull helped to extend the area covered. At the same 
lime some of the older observatories have been discontinued, and 
other* have been compelled to move to new sites, because of the 
encroachment of electric car lines and other industrial developments. 

Improved methods and instruments have added materially to the 
acuirac) of the results. In the development of new and improved 
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field instruments the Department of Terrestrial Magnetism has been 
particularly active, to meet the very varied conditions under which it 
has had to operate, especially in the matter of observations at sea. 
The design of a portable galvanometer, for use with the earth induc¬ 
tor, has made it possible to use that instrument in the field in place of 
tin- dip circle* and the addition of u special device for rotating the 
coil of the earth inductor adapted it for use on board ship* The 
marine collimator permits more accurate dedication observations at 
sea* and tin- sea deflector provides a method of detenu in log directly 
the horizontal intensity on board ship. Magnetometers have been 
improved to secure greater ease of handling* adjustment and trans¬ 
portation* and various combination instruments have been devised 
for use where a very light, compact outfit is essentbh 

The sine galvanometer* of which three types have been developed, 
provides all electrical method for determining tin. 1 ; horizontal inten¬ 
sity, combining rapidity with great accuracy. It is particularly well 
adapted for n standard instrument, and in Japan it has been used 
successfully in the field. 

The variometers designed by Kschenhagen, with very small mag- 
nets, have permitted the erection of smaller uhservatnr buildings 
for the variation instruments and a decrease in the cost of operation, 
since it is possible to have three variometers record on a single pho¬ 
tographic sheet. More complete control of the instrumental con¬ 
stants is also provided. 

With so much energy being devoted to the collection of observa¬ 
tional data, it would not lie surprising to hod a falling oil in the 
attention paid in the discussion of results: hut this has been trim 
only to l lie extent that the utilization of ihc data has not kept pace 
with its accumulation* There has been no falling off in the ffi&l with 
which magnetirians have attacked the problems awaiting solution. 
Many of those who had taken a prominent part In the investigations 
of tlic last half of the iLiiiefccntll century have gone one by one, 
leaving their places to be filled by a younger generation, Schott, 
Escfienhagcn* Wild, von Behold, Snellen, Borgen, Sutherland* 
Fritscbe, Bidlmgratitcr, Xcumayer, Kiiekcr, Hirkeland, and Leys! 
arc among those whose names will always be recalled when review¬ 
ing the progress during that period- 

The fundamental problem of the cause of ihe earths magnetism 
and its variations* attacked from many sides and with various 
weapons, 1ms thus far withstood the attack. One theory after an¬ 
other has been advanced only to 3>e withdrawn before the irresistible 
assault of observed fsicts. Some theories fitted well enough quali¬ 
tatively, hut were entirely inadequate when quantity was taken into 
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account, while oilers which seamed plAuribb at one stage of our 
knowledge had to be discarded when our knowledge increased. 

Advances in other fields of science have been seized ti|xm in the 
hope that they might furnish u clue to the mystery of the earth ? s 
magnetism. Cathode rays, the electronic theory of mutter, the coil 
stitutiun of the sun, and the probable condition of the interior of 
Hie earth ait all being studied as to their possible bearing on the 
magnetic field of the earth. 

Gilbert’s conception of the earth as a great magnet uniformly 
magnetized about its axis of rotation, mid subsequent modifications, 
had to Ije discarded with the acceptance of u very high temperature 
for the interior of the earth and the recognition of the demagnetis¬ 
ing effect of heat, coupled with the small amount of magnetic mate¬ 
rial found in the visible rocks. Al the same time the magnitude of 
the anomalies (the departures from u uniform magnetiz&tion) indi¬ 
cated the presence of large masses of magnetic materia] not far from 
the surface. Recent, investigations in various fields have suggested 
the pOS&ibiKty thuL some of the properties of matter subjected to 
very great pressure may be materially different from those observed 
in the laboratory at ordinary pressures, SuscepEibdity to mag¬ 
netisation may Ixt one of those properties, and the Department of 
Terrestrial Magnetism, with the cooperation of the Geophysical 
- laboratory of the Carnegie Institution of Washington, its arranging 
a series of experiments designed to teat the matter. 

KippoJdt, in l9Sl f returned to the idea of the earth as a mag¬ 
netized sphere* because nf the difficulty of providing a satisfactory 
system of electric current to account for the observed magnetic field. 
He advanced the theory that the principal part of the earth's mag¬ 
netic field consist of a irnnhonmgemKiUs magnetization of the 
earths crust down to a depth nf about 2d kilometers. In addition, 
there may exist for the earlh*s nucleus a magnetic field wytnmetrical 
Ijoth about the axis of rotation and about the equatorial plane which 
may have arisen in the same manner as the general magnetic field 
of the sun. He assumed ilia t die proportion of magnetite in the 
earth's crust increases with depth below the surface, but that the 
distribution ia not homogeneous. He a 1 m a assumed an inner core 
composed of iron, nickel, and cobalt, us suggested by gen physicists, 
with the jMissilpiliiy that it may l>e susceptible «I magnetization m 
spile of the high temperature, in view of the magnetic effects 
observed on the sun by J lale. 

Adolph Schmidt points out that even on the assumption that at u 
depth of iM> kilometers the imrih s crust is compose I entirely of 
magnetite, the average sus4\ptibility would not Ik? great enough to 
account for the observed conditions at the surface. 
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When it became apparent that the conception ol the earth as a 
permanent magnet could not be the idflft wos udvttutcil 

that the earth's magnetic field might be sine to electric currents 
(lowing hIjouI the earth, either below the warfare or in the atmos- 
phere-mie earth m electro magnet. The mathematical analyst* of 
tlie earth s held according to the method devised by Gauss and 
extended by Neumayer and Petersen (I8fU) t and Schmidt (1890), 
indicated that a. small portion of the earth's magnetism, perhaps one- 
fortieth, could be referred to forces outride th ceartli. another small 
portion to vertical electric currents, but by far the larger part to a 
system of forces within the earth. A new analysis made by Bauer 
in 1103, using improved data based mi modern observations, gave 
approximately the same result Hr reached the conclusion that for 
a satisfactory representation of the observed data it is necessary to 
recognise the existence of un internal magnetic system constituting 
about U-l per rent of the total Held, and an external system ami a 
mm-potential systnn a Unit lapial to each other in amount, 

A comparison of his results with those previously obtained For 
the epochs 18-13 and 1865 indicated that the intensity of magneti¬ 
zation of the earth hail lieen decreasing during the 80-year period 
at an average animal rate of I pint io 1#W, a rate of loss which it 
in hard to reconcile with the age of lilt- earth and I lie proem inteil- 
nity of magnetissutiou unless we suppose that there have also Ijohii 
periods of increasing intensity. 

Bauer also carried out the harmonic analysts separately for paral¬ 
lels of latitude ll L 5° intervals from IUI D south to tH> J north and found 
on apparent correlation between distribution of land and water mid 
intensity of magnetization, the intensity U-Ing greater for the 
parallels falling largely on the hind. 

In un earlier (1011) discussion of the earth as an electronmgnet, 
Hauer took the position that the system of magnetic forces within the 
earth mjinred by the Gaussian analysis might lie the result of mag¬ 
netizing currents outside the earth, namely, negative electric tiur- 
rents circulating from west to east, but he later withdrew this 
hypothecs, after further study of the problem, As it seems to he 
eslablislied that the diurnal variations of the earth's field and the 
disturbances must be asciibed to outside currents, it would be much 
simpler to account for those changes if the field itself in due princi¬ 
pally to outside currents. 

The idea of the earth as an electro-magnet naturally suggests the 
possibility that its magnetism may he caused by its rotation. This 
possibility has been the subject of much study, particularly by 
Barnett* who has shown experimentally that a piece of iron may be 
magnetized by rotation: hut the observed effect was much too small 
to account for the earth's magnetism- Swann attacked the problem 
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mathematically and concluded that any effect due to rotation would 
I# too small to I* detected. In 1900 Sutherland suggested as a |h>s- 
hible cause of the earth’s magnetism the rotation of an electrostatic 
field within the earth (a positively charged core and a negatively 
charged crust, or vice versa), as Rowlands experiments had proved 
that a moving charge of electricity produces a magnetic Held antilo¬ 
gous to that of a current, but this theory proved untenable when sub- 
milted to analysis. 

The development of the electronic theory of matter with the atoms 
consisting of a positively charged nuricus surrounded by negatively 
charged elections led Sutherland to suggest that if for some unknown 
reason connected with gravitation the negative charge of the atom 
was further from the center of the earth than the positive charge by 
only <UXK> 1 tun., it would account f«r a magnetic field comparable 
with that id the earth* Here again, when the theory was sub¬ 
mitted to analysis and the electronic theory was more fully de¬ 
veloped, it was seen that Sutherland's hypothesis wins untenable 
either qualitatively or quantitatively. 

Failing to find a satisfactory explanation of the earth's magnetism 
■in the basis of the known properties of mutter and the accepted 
laws of electrodynamics, *!, J. Tliomson, Sutherland. Ibiuer, and 
Swarm have suggested that we may have to took for some slight but 
fundamental modification of those accepted laws, possibly as re 
gards the mutual attraction and repulsion of moving positive and 
negative electrons, similar to a suggestion by H. A. Loren/, regard¬ 
ing the cause of gravitation. Indeed there seems to be growing a 
belief that gravitation and terrestrial magnetism are very closely 
allied and probably to be traced to a common origin. 

Radiaing the difficulties in the way of a direct attack on the 
problem, especially before more complete observational ‘lata were 
available* manv magneticiuns have turned their attention to « study 
of the variations of the earth’s magnetism nnd their correlation with 
associated phenomena, such as atmospheric electricity, earth cur¬ 
rents, auroras, sun spots, solar radiation, meteorological phenomena, 
hoping in this way to throw light on the WHO problem. In parti¬ 
cular, magnetic storms, those irregular disturbances of large amp¬ 
litude and comparatively short duration, have lieen the subject of 
much study. 

From the time of the earliest comparisons of photographic records 
from widely si-para ted tibser valor ies* it was recognized that the more 
severe magnetic disturbances occur »t practically the same lime all 
over the earth, and further comparative study of abrupt iiegitudiigs 
and sharp turning points indicated strict simultaneity, the depart¬ 
ures therefrom being ascribed to errors inherent in (he time measure¬ 
ments, so that more accurate determination of the time of occurrence 
of such salient features was suggested us a method of determining 
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differences nf longitude* In fact, van Bemin&kii, from the mean of 
53 abrupt beginnings, computed tin? difference of longitude between 
Batavia* Java, and Greenwich* and obtained a value differing by 
only D seconds from the one derived in lhe usual way. 

On May S, 190®* there occurred a magnetic storm, the abrupt 
beginning of which coincided with the eruption of Mont Polfo, hj 
nearly as the time of that disastrous outbreak could Ik determined* 
This apparent coincidence suggested the possibility that the two 
phenomena might be related- Bauer made a study of this storm in 
1910, based on the records of 25 observatories* and reached the conclu¬ 
sion that it did nut begin at the same infant all over the earth, but 
on the contrary had its origin sn about longitude T5 a west of Green¬ 
wich and traveled eustwardly around the earth, requiring between 
three and four minutes to complete the circuit. A similar study of 
another storm of distinctive features supported this conclusion. 

For fuiiher evidence on this very important question, Paris made 
a study of 15 abruptly beginning storms occurring in Iifti6-l90® t 
Using the records of the five magnetic observatories of the Coast 
and Geodetic Surrey, and his results apparently confirmed Bauer’s 
rozielusions, the tratismkskm time again coming out about 3^ min¬ 
utes. It was necessary, however, to assume that some of the storms 
traveled from west to east, as Innl been suggested by Bauer- Paris 
pointed out that probably the greater part of the error of deter¬ 
mining the time of mi abrupt beginning is due to the difficulty of 
selecting the esact point of beginning on the curve, Bauer accord¬ 
ingly secured reports from 23 observatories on the same storms 
which ¥orLs had investigated, making an effort to secure more 
homogeneous data by means of tracings of portions of the curves 
showing the (joints selected for measurement A discussion of these 
more accurate data failed to confirm the conclusions drawn from 
the earlier investigations* Bodes also made a study of a number 
of abrupt-beginning storms between 1910 and 1021* and found no 
evidence of storm propagation of the character suggested by Bauer, 
but ho did find some indications that a terrestrial magnetic storm 
may begin at the “front turidkn** 1 that portion of the earth* that 
is, which would be the first to meet a stream of electrified particles 
coming from the sun. occurring later on both sides of that meridian. 

F l he close correlation between list* ciccitrrenoe of magnetic storms 
and auroras and the presence of large spots nn the sun naturally led 
to attempts to trace a causal relationship* Tt was soon seen that a 
direct magnetic effect by I he sun w as out of the question* With the 
development of the idea of currents of electricity being the cause of 
I he earth's magnetism, d life rent forms of electric discharge emanat¬ 
ing from the sun were siireeggi vdy put forth as the cause of the 
observed terrestrial phenomena, the theories advanced keeping pace 
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with the development of our knowledge of electrical discharges in 
a vacuum. 

Birkcluud, Arrhenius, and Nordmann agreed in considering the 
auroral rays as a luminescentproduced by the absorption of cathode 
rays in the upper atmosphere, and attracts] toward the earth's 
magnetic poles; Birkelund, who devoted many years to the study of 
auroras, first supposed that the cathode rays were emu ted directly 
from the sun, but Inter he advanced the modified theory that cathode 
rays from the aim set up electric currents in the atmosphere which in 
turn emit secondary cathode rays. He supjiortod his theory by the 
production of artificial auroras in the laboratory, about a magnetized 
steel ball in a tube of rarefied air exposed to cathode rays* 

Paulsen in ItMKL after culling attention to the dtlhcuUiee with ear¬ 
lier theories, sought to explain the aurora und magnetic storms by a 
strong ionization of the upper layers of the atmosphere above the 
zone of maximum frequency of the aurora. 

St firmer, who had worked with Birfceland in both his observational 
and experimental studies of the aurora, knowing that the phe- 
no men of the concentration of cathode rays toward a single mag¬ 
netic pole hud be™ mathematically treated by Poincare, thought it 
might be worth while to determine mathematically the trajectories 
of electric corpuscles coming from the sou into Hie magnetic held 
of the earth, hoping to bring out tire principal features of the aurora. 
These studies began in UKK1 ami covered a period of about ten years, 
Stbrmer simplified the problem at the outset by treating the earth 
us u spherical magnut 1 and neglecting the relative motion of the 
earth and sum and then modified the results obtained for this sim¬ 
ple case to correspond to the more complex conditions actually 
existing* In this way be was aide to develop paths for the cor- 
pnsdeH which seemed to fit the general features of the aurora as 
it appears in nature and of the artificial aurora of Birkeland, and 
thus tended to strengthen the corpuscular theory of its origin. 

The correlation of magnetic storms with sun spots, although very 
satisfactory when based on yearly averages, leaves much to be desired 
when individual coses ore considered* Thus, severe magnetic storms 
sometimes occur when no large suu spots are visible and, on the other 
hand, the appearance of a sun spot is not always accompanied by a 
magnetic storm. To amount fur this, Maunder advanced the theory 
that the solar activity which gives rise to magnetic disturbances on 
the earth does not act equally in all directions but along narrow well- 
defined streams, not necessarily truly radial ; that these streams arise 
from active areas of limited extent; that these active ureas are not 
only the source of our magnetic disturbances hut are also the seats 
of Hie formation of sun spots; that these areas ran he active both 
iMsfora a spit lias formed and after it has disappeared. The fact that 
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Jup-et^ magnetic storms frequently fallow ouch oilier at an interval 
Bp[}tt^iniaiing the time of revolution of the ^un anJ that siuli re¬ 
currence lias been traced for several rotation periods, not every 
recurrence losing accompanied by a visible sun spot* requires some 
such explanation as that suggested by Maunder, 

Chapman, after n detailed analysis of a number of magnetic 
storms, attempted to show how some of their characteristics may he 
produced by streams of electric partides entering t In* atmosphere 
from the sun, hut this theory, like so many others, Waited to lit all 
the facts. 

The researches of Hate al the Mount Wilson Sol nr Observatory on 
the evidence of magnetic polarity in the sun spots occurring in paint 
ami on the general magnetic held of the sun have further stimulated 
the efforts to trace a connection between solar ami terrestrial mag¬ 
netism and opened the way for a study of the details of the sun a 
magnetic iiidd. According to the most recent analysis hy Scares, 
the sun’s magnetic axis makes jin angle of about 0° with the axis 
of rotation* 

When we consider the diurnal variation of the earth’s magnetism 
a different problem is presented. Here we have to deal with a 
phenomenon which is a function of local in can lime, as coot rusted 
with magnet it- storms* which, ns we have seen, occur everywhere 
at practically the same absolute time. Attempts have la*eu niude 
to correlate the diurnal variation with changes of pressure, tempera- 
ture, humidity, and other terrestrial phenomena which have a period 
the same m the earth’s rotation, Lust without suceera Broadly 
speaking the diurnal variation is a function of the position of the 
sun above the horizon 1 distinctly a local phenomenon. The ex¬ 
tremes and the principal portion uf the variation occur during the 
daytime. During the night Jsours there is comparatively little varia¬ 
tion. In view of this fact, it occurred to Bauer that the inter- 
jKjskion of the moon Ljehveen the earth and the sun at the time of 
a solar eclipse might have an appreciable effect on the earth's mag¬ 
netism. Accordingly Lie arranged for special obsecrations by ob¬ 
servers of the Coast end li codetta Survey at the time of the total 
eclipse of May 2S* IWW, at stations extending from Alabama te 
Maryland. The results indicated n small but definite dislur banco 
associated with the passage of the moon’s shadow across the place 
of oLtserv alion and of the character to lie expected. Similar observa¬ 
tions have been made at al] accessible solar eclipses since that time, 
principally on the initiative of the Department of Terrestrial Mag¬ 
netism of the Carnegie Institution of Washington* but with the 
cooperation of other observers in the countries crossed by or con¬ 
tiguous to the belt of totality. These have in general confirmed the 
results of the series* though the effect produced by an eclipw 
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is so small that it can not be definitely recognized when ordinary 
magnetic disturbance are in progress. 

Much siudv has been given by Chrre, Chapman, and others id 
the details of tlie diurnal variation, particularly to a comparison 
between conditions on quiet days and distilrlicd days and between 
conditions in high and low magnetic latitudes, Male rial Isas been 
provided for a mon b accurate stiuly of those features which are not 
purely local, such as the effect of change of geographic position 
fin the form and amplitude of the curves, through the publication 
by inaiiy observatories of diurnal variation tables baaed on live 
internationally selected quiet days, thus eliminating to a large ex- 
tent the hick of homogeneity which magnetic disturbances might 
introduce. 

Still another problem is presented by the secular change of the 
earth's magnetism, which requires centuries for ite development. 
Time cKiniigli has not yet elapsed since the beginning of measure¬ 
ments of the earth’s magnetism to fully determine the character¬ 
istic of this change, but we do know that it does not go on indefi¬ 
nitely in one direction: eventually there is a reversal. 

In the ease of dedication, the records id. some Kuropears stations 
go hack far enough lo show two reversals, with a range, in the case 
of London, of 35* in a little over WO years'. This suggested the 
idea of periodicity ansi a motion of the magnetic pole as the cause 
of the secular change, us it seemed possible to follow the occurrence 
of a particular phase from east to west around l lie earth. 

Data, accumulated during ihe past 25 years show that the phenom¬ 
enon is very complex. The change Is by no menus regular; the 
jjcriods indicated for different stations differ widely; unexpected 
reversals occur and there are undoubtedly waves of shorter ]>criod 
superimposed ujKm the primary wave, if indeed there is n primary 
wave. It is impossible to predict with accuracy whal conditions 
will be lu years from now. 

iSiiuer Isas made a mal hemal hid analysis of the secular change of 
the earth’s field us a whole, and has concluded that the system of 
forces involved i* partly within the earth and partly outside and 
4hut the strength of the field is changing as well us its direction. 
IL is not easy to conceive of a system of forces acting for a long 
term of years to produce such a great change In the direction of the 
earth's magnetic field. A loss of magnetism would not lie surpris¬ 
ing from unr experience willi artificial magnets, but such n rapid 
loss as one part in 1,500 per year for HO years or more requires 
verification on the basis of more accurate secular change data for 
I he whole earth. 

Viirintion of solar activity lias been suggested as one cause of the 
secular change of the earth's magnetism. The periodic change in 


256 annual KErorr bmithsohian mwntiiTim, hes 

the number of nun ^jKits, which is undoubtedly u symptom of vary* 
ing solar activity 3 is paralleled by sm 11-year period in the secular 
change, ll]j'[ Bauer 1ms attempted to trace a relationship between 
changes in the earth’s magnetism and the changes of solar activity 
indicated by Abbot's observations of the amount of heat given off 
by the sun* Abbott ohservtilions have not yet been going on long 
enough, however* lo draw any definite conclusions. 

Any theory of the earths magnetism based on elec tric currents 
either within or outside the earth miiM tuke account of the current* 
actually observed* and one of Lhr features of the progress of the past 
twenty-five years has been the awakening of interest in the study of 
atmospheric electricity and earth currents and the development of 
Instruments for measuring them w hich can be relied upon to give re¬ 
sults of the required accuracy* 

lie fore long we may also expect the increase in our knowledge of 
radio transmission to throw light oil electrical conditions of the at¬ 
mosphere at higher levels. 

From thh summary of the accomplishments in the Sekl of terres¬ 
trial magnetism during the first quarter of the twentieth century, it 
will be seen that there lias been no sudden increase in knowledge* no 
epoch-making discovery, but just a steady advance. The old prob¬ 
lems st ill confront us, but in u modi tied form. Their scope has broad¬ 
ened tremendously and any theory to explain the earth's magnetism 
must take into account the structure of the atom aw well as the struc¬ 
ture of the universe. At the same time new weapons and new me¬ 
thods of attack have become available and the workers in other field* 
of *4 icnrecastrofumicra , physicists, geologists! chemists —are now the 
allies of the magnet itiatts, Moreover, an accurate magnetic survey 
of practically all of the accessible land and water areas amt the oper¬ 
ation of additional magnetic observatories, better distributed, have 
provided us with reliable knowledge of ihp distribution of the earth's 
iniiguctism— the facts which must form the ultimate tost of any 
ilusoiy. 

Finally iliera has been an increasing recognition of the importance 
of international cooperation, bo well expressed by Kdeter in I8UK* 
when be aaid i w For those who would unravel the causes of the 
mysterious movements of the compass needle, concerted action is 
essential. They can not indeed dispense with individual initiative or 
with the leadership of genius, but I think all would agree that there 
is urgent need for more jierfeet organization, for an authority which 
can decide not only what to do, hut what to leave undone.** We may 
confidently expert that the Section of Terrestrial Magnetism and 
Electricity *>f the InternaLionul Ueotletk and Geophysical Union 
will eventually develop into an organization of the character sug¬ 
gested by Kiicker. 


SOME CAUSES OF VOLCANIC ACTIVITY 1 


By Airmni I* *. Oat 


[With 3 I'lutea] 

Several yeare age I had the privilege of presenting to the Institute 
some conclusions respecting the sources of the energy through which 
the lava lake in the crater of the Volcano Kilnuca (Hawaii) was 
maintained in « fluid condition. The evidence then offered was 
obtained in association with E. S. Shepherd.’ from observations 
on the ground and in the laboratory, and may Ik* reviewed somewhat 
briefly as follows: 

Observations of the temperature of the lava lake, taken morning 
and evening and often at intervening hours of the day and night 
through a period of two months, revealed very considerable changes 
of temperature for so large a body of liquid magma. On .Tunc 13, 
liilSi, for example, the surface temperature was 1,070". On July B, 
101:2, it was LIAS". Temperatures as low ns 95CT have since been 
measured in the lava lake, and in its less active pools :mv temperature 
down to the point of actual solidification may be encountered. Tire 
Jake in 1912 had the form of a single pool without partitions, differ, 
ences of level, or islands, and was approximately WO feet lung by 
MW feet wide {pi. 1, fig. 1). The depth of course was problematical 
and ont subject to direct observation except that the lava level rose 
ami fell by small amounts daily and observations over a period of 
years hove shown maximum differences of about 100 feet: the con* 
turning basin must therefore have had a depth greater than this. In 
June, 1912, when these temperature observations were made, the lava 
stood about 200 feet below the rim and therefore some oflO feet above 
its lowest observed level during those years. The mass of lava con* 
tained in the harin was therefore very considerable and a rise in its 
temperature from 1,070® to 1,185®, 115" within 23 days, must in¬ 
volve a verv large and very rapid access of heat from some source 
below other than new lava, for the quantity of Invti contained in the 
crater during this 23-day interval under observation was substan¬ 
tially constant. 

1 A<Mr«a* deUfpTtd 6D the urniitllUl of the CttlCMIJ Crlchmlan of llu; fuaMIhg Of Uir 
FrtLnkllB Intrimre, fepEpmlk'f 17. 18. I 0 * J&-4. 

* Arthur l, Dnf juJhI E. 8. STih friirrtt Witer and VnlotHlC AtflTitJ. Ik*?. Am. 
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It is iniporlanl in note further that islands art? frequently present 
in the lake which have uii upward and downward mayenwut of dif- 
fis rent character and period from that of the fluid lava; also that 
when ii full of the fluid lava occurs it often exposes what ripjienrs lo 
lie solid material only a few feet below the previous liquid surface, 
with no relation to the TtMhfnoi level or to any deep-sealed point. 
Such observations compel the admission that the material contained 
within (lie lava basin is considerably diversified in its physical state; 1 
some is very fluid and some nearly or quite rigid. 

This observation led to a rough laboratory test, of some signifi¬ 
cance. On those occasions when the lake overflows its hanks, which 
is a mutter of daily on-urrenire during the rise of the lava column, 
there is visible movement of the fans and rivulets of new lava over 
the crater floor until they arc so far cooled down that hardly a 
trace of red glow from them ran be seem The lowest temperature 
at. which movement can be detected Is therefore of the order of G00°, 
A fragment of this same lava brought to the laboratory and re¬ 
heated will not flow under its own weight until a temperature in 
the ncighlK»rhood of 1^3 CMP has been reached. Such an observation 
is significant of a change of composition and yet the only change 
of composition possible must be in the amount of volatile matter 
(gas) in solution in \L Gases are given ofT in abundance during 
I'ooling and their loss takes away from the Java its fluidity over a 
considerable range of temperature. 

This observation taken with the other perhaps explains why the 
physical slate, of the trtva in the basin is Unis discovered to \m partly 
rigid ami partly fluid, partly porous and partly dense—its gas 
content is variable ■ and a further consequence is altogether probable, 
namely* that there are differences of temperature throughout the 
mass of material filling the crater greater even than the observed 
differences at the surface. 

Moreover, during this period of continuous observation in 1012 
it was uniformly noticed that an increase in the amount of gas dis¬ 
charged at the surface of the hike was always accompanied by s rise 
in surface temperature* and conversely during falling temperature 
the gas fountains diminished in Dumber, A photograph taken nt 
a thue when the temperature was highest (July tf, 11112) offers a 
distinct record of more than UOG fountains distributod almost uni¬ 
formly over the surface of the lake (ph I s fig. 2) while at other times 
iiu fountains at all are to l>e seen for intervals of a minute or more, 
und then only an occasional one appears. This observation imme¬ 
diately led us to tile conclusion that there is a causal relation be- 

*T. A. Jn^jMr. ft Itraoeirtrle [utntlfjfjtrt of ElmUan Lmrn VaX ttlfin. Bull. Ifrtom. 

Soc. Am. uk ioo, i&-e. 
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Plate I 



The Lava Lake of HalEmaumau in June. 1912. Showing Low £a& Content 



2. THE LAVA LAKE AT ITS PERIOD OF tVlAKIMlJM ACTIVE JULY, IBJ2 
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tivcen the amount of gns discharged tlirongh tb* lava and the tem- 
fHu-uLuru of the fluid lava itself. The gases somehow contribute to 
tlii- heal of the lavs body. 

One of the purposes of this expedition of 1912 was to collect 
from the Invn basin jU Kilauca if it should prove in any way 
practicable to do so. Wo wen; accordingly clipped with collecting 
tubes, pumps, and pipe lines, hut it was some days before a favorable 
opportunity offered. Just how fortunate we were in this collection 
we did not then appreciate, nor indeed for some veal's afterward, 
but it is probable that the gases then collected from a lava fountain 
on the crater floor, immediately adjacent to the lake itself, contained 
less evidence of contamination by atmospheric air than any volcano 
gases collected before or since. The conditions under which these 
gases were collected have been described before* nnd need receive 
no detailed attention at this time. They were studied in part by 
extemporized tests on the ground and in part through careful analy¬ 
sis in the laboratory some time later. 

Two conspicuous features were revealed by these studies which 
hear intimately upon the subject of this paper and Upon the study 
uf voleanism in general, namely, (!) tint the gas content of the 
different tubes filled at that trine was widely different; (2) that 
the gases, whoso composition we determined, could not be in e*pii- 
libiium at the time and at tin- temperature of their escape from 
the lava, Tito first observation lends directly to the conclusion that 
the composition of each bubble which breaks through the surface, 
even from the same opening, is different; the second to the conclusion 
that the gases are necessarily in process of reaction at the time of 
their release. From oilr knowledge of gas reactions it follows, 
further, that gases still in process of reaction at the time of release 
after passage up through llie basin of liijuid lava, must have been 
in process of reaction throughout their upward progress, that is to 
say, there must have been bubbles of gas of different composition 
Uniting beneath the surface at frequent intervals during this 
excursion. 

The analyses of the gases collected at that time revealed the 
presence of the following gases in different proportions in the collec¬ 
tions: N a , I-LO, CO ? , CO. SO... free H. free S, 11, F, and SH,. 
Argon was also found after the first announcement was made. 
It is of course plain that free hydrogen can not exist side by side 
with SO* or CO, itl a temperature in the vicinity of 1^000". Nor 
is free sulphur appropriately found in this group at 1,100° C. In¬ 
deed the fact that the proportions of these gases vary from tula* to 
tube when collected by continuous pumping from the same opening 
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times heavier than water* If the** 1 two outlets were connected with 
n common liquid interior the lava column in the higher conduit 
would he pressing for discharge at she lower opening, not at the 
higher, and with a pressure of the order of magnitude of a thousand 
atmospheres upon every square inch nf its area. Similarly the 
volcanoes of Central America and of the Alaskan peninsula main¬ 
tain each its independent behavior Apparently regardless uf whut is 
happening to neighbors. So f»r as the record of Held observations 
goes therefore the number nf simultaneous eruptions which have 
ricriirml in ficiglilhoring volcanoes ill recent lime is so small us to 
leave I it I to room for any ot her explanation limn rninridetiice, 

I f for Ihesc several mison.H we limit fair conception of a volcano 
to a purely local phenomenon arising frotn moisten] local conditions, 
and if we may assume that other observations above outlined offer 
reasonable ground fnr the supposition that gases, reacting among 
themselves, contribute muter hdly to the heat necessary to main tain 
e small hiv :t basin like that u| Kilauru in u liquid slate, then we have 
I wo fnrt her stops to lake in order lo give to this concept a tangible 
and rcii Mina hi y independent existence. First where hue y stiidi an 
ext ran rili nary phenomenon as a vuhaiio supposed Lo Lake 1 its 
origin, and second hy what mentis is I he indispensable heterogonetly 
among flu? gases mainlined in consequence of which the mictions 
occur? Obviously this is renaming somewhat beyond uny phenomena 
actually observed, but the under tying region Uwath a volcano will 
perhaps never he accessible to direct observntioh ? so that inference 
from the best experience wc haw must be drawn upon to complete 
Lhi? picture. 

Before attempting to indicate the direction in which this search 
leads it will he helpful lo consider the phenomena at another Volcanic 
ccniei- which was active tatween ItU-l und 1017. I refer to Lassen 
Peak m California. This volcano is entirely different in its behavior 
fro in KUaucn, Instead of mi open basin of liquid lava, more or less 
continuously active but rarely overflowing, here is an explosive 
volcano which emitted no liquid lnv» and only once during its four 
years of activity reached the temperature indicated by red beat. 

The out break at Lassen Peak began with an explosion in the 
sum mil crater in the early Spring (May ftfl* 1UI4), the lirsl outburst 
bricking through SHOW of considerable depth. These explosions 
continued nt intervals of four or live days throughout the summer 
and autumn* possibly to some extent in the winter season also, but 
Lassen Peak is over lOjOQO feet high and the summit during the 
winter season h shrouded in cloud. In May of IDlfi. almost exactly 
one year after the initial explosion, came three days of terrific 
activity, during which the dust cloud reached a height of gftjioo 
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PLATE 2 



r. The Lav* Lake, Showing Great patches of crust Floating 
under the Buoyant Action of Gases Released Beneath, July. 
4912 



2- Lassen peak. After the Eruption of May 22. 1915. Showing the 
Devastated area extending for 5 miles to the Northeast of 
the Mountain 


















CAUSES OF VOLCANIC’ ACTIVITY—DAY 


263 


fret above the summit of the mountain and blanks the abs* of n inanV 
band were thrown far JO miles. During this culminating outbreak, 
or just before it, the old voLcR.no plug forming the fWr of tike crater 
was raisin I 900 fret or more to a position level with the crater rim. 
Hie force behind it apparently being just insufficient to blow it com¬ 
pletely oil the mountain and so to expose the volcano hearth. The 
point of greatest weakness then proved to be at the northeast side of 
the inclosing rone* somewhat below the summit, and two dev; l slut 
ing* horizontal explosions, the latter concluding the period of most 
violent activity, found vent through this opening* Although the 
adjacent valleys of Hat tVcok and Lost Creek were stripped of all 
vegetation for a distance of more limn four miles by these horizontal 
In lasts (pL lig. 2} m no fire appears to liiivo been set by the explosions, 
save momentarily on the face of a steep cliff directly exposed to the 
second blast, and even this was confined to a small area of dead 
leaves and twigs which supported combustion for no more than a 
few moments* Red-hot ejectu at lhe- summit or illuminated smoke 
clouds at night were seen only nmx (May UK tfHS) and then the 
color wuis described as w deep red*" indicating a temperature not 
higher than TuO*. (ienernlly the ejecta which were Lhickly strewn 
about the country adjacent to the crater were not warm enough to 
melt the snow on which they fell and even when of great size they 
broke through the snow without melting it away. In midsummer 
likewise no case is known where the ejecta were hot enough to kindle 
a fnrebt fire, although a careful watch was kepi by the Forest Ranger 
Service through four summers for just such n contingency* 
Following Hi is outburst the eruptive activity gradually subsided* 
ihe yrrtr 191G offering hut a few mild explosions and UH7 only n 
short concluding outbreak (also in May), of considerable violence 
w hile it lasted, but not comparable either in volume or intensity with 
the great outbreak of May, 1U15, T 

This brief outline of the character of Hie eruption of Lassen Peak 
is si if! idem to show that in spite of the violence of the explosions 
no evidence of the high temperatures of Kihiura or Vesuvius* ap¬ 
peared at the surface during the entire period of activity. There 
were steam explosions of tremendous volume and power. Imt no local 
development of heat by chemical activity* such ns has been described 
in the cose of Kihmea* was detected at any time. 

In considering this case it is appropriate to emphasize the fact 
that there has been no other eruption of this volcano since the region 

s Far lottner <1 cEji3Ip «*d luTriflVtM? ulttdin Arthur L. Ifc^ a ml E. T. Alletu “Thr 
Vafctnle ArtlTlIy nml Hirt Bprtnj:H *f [jt*fWTi hsil/ * 1 C«TOg1<» Invf m r W'ftMilnimra, CiUi. 

tumito* x&. a m r iMLrs. 

1 For ah accanut aoItUj of Vi^uvlun la fWi-a* jirani m*- F, A. IVrrel, M Th^ Vmn- 
Tln« Ki-vipflon of IfNW, SOulj or r Vdtamk OiraitfEi I nut. of W^ihlaiiltiia, Pnb- 
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was inhabited by white men, ansi geological conditions indicate that 
at least 200 years have elapsed since the last show of activity. 

If a volcano is assumed to la? a slowly cooling system maintained 
hy residual heat from a local hot £one below the surface, then what 
manner of mechanism is it which can account for the sudden de¬ 
velopment in such a cooling system, of violent explosive activity suf¬ 
ficient in volume to extend over several years, and of such intensity 
a« to cover the surrounding country with boulders of considerable 
hi ac, without displaying evidence of high initial temperature or con¬ 
tributory chemical reactions? 

It has Keen a long search to find an explanation which appeared 
projserly to account for mi outbreak of this kind, but a suggestion 
has at last l>een found* partly as a result of theoretical reasoning 
and partly from experience in the laboratory, which appears to 
account fur it completely and at the same time to go far toward 
elucidating the entire problem of volcanism, y Freed from chemical 
terminology the mechanism is simply tfai^ i A silicate solution in 
it* liquid state can take up water in solution in considerable fjium- 
tity p A simple elution of silica and potash when heated under 
pressure in the Inborn lory is capable of taking Up as much us 12. * 
[>er cent of water in solution. A rook magma in the earth is just 
such a silicate solution, although more complicated in charader, 
and is entirely competent to carry o or t> per cent of water in solu¬ 
tion under appropriate conditions/ 0 If it should happen that the 
lava beneath a volcano carries such quantities of water JO solu¬ 
tion, then all the phenomena of Folcaniem become appreciably 
clearer, for in the 8,00(1 or more analyses of crystal line ixxrks of 
igneous origin which have been gathered together by W ashington 
and published by the United States Geological Survey 31 there is 
noiie containing mure than Ij^ per cent of water and lcs> than l 
|ier cent is usuaL This must moon that in the process of crystal¬ 
lization of the rock from the magma the water content is for the 
most pail discharged. Should il happen that this discharge of 
water takes place in a closed space then immense pressures might 
develop and explosive activity of tremendous intensity might result. 
Furthermore if the mimiml of participating magma wore large and 
the rate of crystallization considerable, such activity might continue 
for long periods of time. 

Beneath the magma basins are of courts inaccessible to 

direct observation^ hut two facts have been noted in the study of 

■ !:. W. Mornjr - Ttin OtfbJimiJlH of FrtEmra la Mijnnni atm Ri'Piili ot rrjfitflllip- 
t lun.* - jwirn. Wa^ irml. r 2 IEh Arthur L IJhj And E_ T. Allrit. wji- n-ff P 
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volcanoes which lend to confirm this reasoning- It hits already Wen 
fitattd that the lava lake at Kilauea 1ms a temperature, usually, be¬ 
tween 1,000" ami 1,200°, und Jluid lava overflowing l he rim of the 
basin at that temperature, still remains Unit! at 700° or 80t)° (red 
heat.) This is of coarse representative magma or lava which is in 
process of crystallization. If samples of this lava be collected after 
solidification and reheated in the laboratory, they can not bo brought 
again to molten condition below I,■Ml degrees- it is, therefore, clear 
that the fluidity of the lava in the basin is due primarily to the vola- 
tile ingredients winch it contained and has discharged during crys* 
ta 11 i za t ion, o f w hid i water is 11 is chief. I n com plete accord w it h t his 
the grcaL outbursts of gas and dusfc-taden steam from the more 
violent volcanoes, like Vesuvius or I-asseti Peak, are nothing other 
than this volatile content of the magma below, discharged 
explosively. 

It sometimes happens that volcanic magma either through pecu¬ 
liarities of chemical composition or through sudden usposure, 
whereby it is quickly chilled, solidities without crystallization. Such 
volcanic glasses ure commonly called pitchstones or obsidians. A 
verv consulerable muss of Mich obsidian is familiar to all tourists 
in Lhe Obsidian Cliff at Yellowstone Park. In smaller quantities 
ubsidiun in frequently found in nearly all volcanic regions. Such 
liner ystullized volcanic magma when analyzed is often found to 
have retained much more of its water content than the V/» jm-t cent 
maximum which has just been cited fur crystalline racks.* 1 Here, 
therefore, is direct confirm a lion—i. u., as direct as the inaccessible 
character of the subject is ever likely to permit—of the conclusion 
that the water content of magma before crystallization is greater 
than the water content of the rock which forms from it. During the 
process of crystallization, therefore, this water must in some manner 
be discharged. 

If w e apply these observations to lessen Peak and suppose a body 
of magma in process of slow crystalUzutiun at relatively low tem¬ 
perature to exist beneath tiie mountain, and suppose further that the 
water set free during the crystallization process is maintained under 
pressure in a closed chamber, there is danger of a violent outbreak 
whenever a structural weakness develops in the containing vessel. 
Lassen Peak is situated in ft region often visited by earthquakes. It, 
therefore, requires no violent stretch of the imagination to believe 
that one of these earthquakes did in fad weaken the structure early 
in 1914 and that in consequence of this a small explosion through 
the floor of the summit crater occurred. More or less in confirmation 
of tide supposition the forest rangers who first visited the mountain 
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on the day following tha explosion noted two cracks extending east 
li Ei-: I wK?t from the explosion opening for a hundred feet or more. 
The explosion itself* so far as may be gathered from witnesses* was 
wliollv inadequate in volume to split open the mountain, and indeed 
the am till crater formed by the explosion is reported to have hern no 
more than 2t) by 40 feet and extended only u few feet into the loose 
srorhieeons material covering the crater floor. 

This discharge of steam in violent explosion was followed by 
similar outbreaks at intervals of three nr four day* during the next 
► even or eight months* llie periodicity being determined no doubt by 
the rate of crystallization ami the amount of the overlying load. In 
general the volume and intensity of the successive ex phis bins increased 
as they proceeded, which might reasonably I* 1 expected, as more 
and more of the crystallising mass came to feel the release of pres¬ 
sure after the opening had been made. 

The laboratory study of such solutions indicates a further possi¬ 
bility through which the early stages of such an outbreak might be 
expedited. The fact that even wln u the explosions had reached tlieir 
maximum intensity there was no development of high temperature, 
suggests that the mugtua below may itself have been at a relatively 
low temperature, ultra viscous and inert through undercooling, that 
j$ to say, being inclosed within an impervious containing vessel at 
comparatively low temperature, crystallization had slowed down 
until considerable portions were cooled below the temperature of 
normal crystallization while still in the vitreous state, It. is of coiir^ 
well known that silicate solutions (ef. window glass) arc prone to 
i ryr-hillize with extreme slowness, otherwise probably we should 
liave no glivss industry, In such an inert rn«S« therefore in which 
cry stallization wus proceeding thus slowly, the advent of water vapor 
from without would have the effect of diminishing the viscosity and 
increasing the rate of crystallization. 

Following the Jirsd explosion at the summit of Lassen Peak it was 
noted tiial Lhu great Saul y of accumulated snow within I he summit 
crater was rapidly melting and flowing into the explosion l- racks. 
This Water must have found its way to the volcano hearth at first 
by [lercohitiun and later, within the hot zon ■, &k steam. We know 
from laboratory experiment that steam is readily soluble in such 
un undercoolM silicate magma with the effect of increasing its 
fluidity and thereby precipitating crystallization or increasing the 
rale of crystallkatloii already going on. The operation of crys¬ 
tallization itself, hs ha* Wn shown above* sets free more water hi 
iliat the operation becomes more or less self perpetuating so long as 
any considerable amount of magma remains uncrystallized within 
roach of the outlet channels {reduced pressure). Thin explanation 
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appears adequate to account both lor the initiation and the progress 
of explosive volcanic activity at Lassen J J cuk during the period of 
1914 to 1917. It abo indicates the source of the vast amount of water 
vapor which is given off in the course of it lung series of explosive 
eruptions. 

In thin discussion of the phenomena at Lassen Peek we appear to 
have reached an answer to one of the two questions posed earlier in 
this address, namely, the point of probable origin of the gases which 
participate in volcanic activity. They are in solution in the crys¬ 
tallizing magma and their release takes place under appropriate con¬ 
ditions of temperature and pressure when this magma crystallizes to 
rock, t hief among these volatile ingredients i- undoubtedly water 
in most if not in all eases. If water lx* sidj&taiitmlly the only ingre¬ 
dient, us at Lassen Peak, then the volcanic outbreak will consist in 
discharges of dust-laden steam, and such solid material us may foe 
carried oul by attrition* If temperatures are higher and the vola¬ 
tile ingredients include chemically active gases such as chlorine, 
fluorine, sulphur, hydrogen* and the like, then an accelerated type of 
development may la* expected, due to the higher temperatures result¬ 
ing from the combination of these gases when oxidised cither 
through reactions within the magma or with oxygen from the air. 
Under such conditions the magma may be forced out in liipiid con- 
ditmn (lava Jlow) and may crystallize in the open air. After observ¬ 
ing the persistence of lhe ojX'h bva lake and noting, as Professor 
Jagger lias lieen able to do by measurement, tbits tbe temperature at 
the surface is higher than it is immediately beneath I lie surface, it 
again requires but little of the imagination to enable one to under¬ 
stand how such ga> reactions may provide the necessary energy tn 
maintain the lake in fluid condition. The origin of the ga-cs here, ilh 
in the case of Losst-n Peak, must l*e sought in crystallizing magma at 
different depths where differences of temperature and pressure muat 
be responsible for very considerable in homogeneities (differences of 
concentration) in the gases from different local sources. 

The KUatiea crater is not appropriately pictured ns an ordinary 
boiling flask with a long narrow neck- It is very doubtful if we 
have any ground for such a picture- At any rate during the past 
summer (IIPSS4) when the lava lake had been drained away through 
subterranean channels and the gases were escaping explosively from 
the empty basin* the crater was enlarged by the explosions to alxuit 
3,51)0 feet in diameter and 1*500 feet in depth. The volcanic throat 
was thus laid open to a depth more than tw ice as great as on any pre¬ 
vious occasion since it came under the observation of white men- and 
:i [are and precious opportunity was offered to see w hat manner uf 
material occupied the next 800 feet immediately under the lava lake, 
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which has so long filled tills throat to varying depth* from u few 
feet to AS much as TOO fecit nr moreu 
To Uh)$g who have thoughl of the volcano rrater aw a downward ex* 
tending pi(w or runduit through which the lava* for centuries have 
been quietly poured out upon the surrounding terrain- the appear- 
once of the enlarged and deepened opening must have been an 
unexpected re vela ti oil It appeared quite dry—no freshly cooled 
volcanic gloss (obsidian) or partially crystallized lava 'was visible 
below, nor was any found among the fragments thrown out (pi. ‘h 
fig. 1) by the explosion*. The lava fragments were from older layers 
than any Iiofore exposed at Kiln non. completely crystallized* nearly 
free from bubbles, rather line grained though rich in olivine and fold- 
spar pheuocrysts like the lavas from its great neighbor. Manna 
Loa, but in physical appearance totally unlike the Kihiuru flows 
which have almost come to lie regarded among geologists as a fixed 
type. 

At one bide of the great bowl, about (Km feet above the bottom, 
wan au area some 500 feet in its transverse dimension and more than 
1 1 Nl feet thick, which showed here and there a trace of red at night. 
The surface a ho had the appearance of fresh Au lava, which occa¬ 
sionally linked off in considerable a reus, revealing a bright red patch 
beneath* Above it on the rim a hoi air-current was continually 
depositing line Hakes of fresldy-oxidized iron-bearing scale. This 
may have been one of the feeders of the lava lake. It was cer¬ 
tainly the holiest spot left exposed in the empty basin. Another 
smaller area in one corner of the bottom was distinguished by a half 
dozen roaring gas outlets wtnxse throats glowed red at night. This 
muv have been a smaller feeder. When the lava began to return to 
the pit in July it spouted out from a point high up on the talus 
pile on the opposite side of the bftriti in a fountain 17o feet high. 
This must have been from a third feeder. So others have so far 
been discovAred* 

Instead of the boiling-flask picture, therefore, we should think 
rather of a central collecting lube, with many more or less wide- 
spreading branches below, lest ting to local chambers in which crys¬ 
tallization Is proceeding under diHerein conditions of temperature 
and pressure* That u number of such branches exist is only dis¬ 
covered on a rare occasion like the present summer when violent 
explosions have cleaned out the lava basin anil enlarged It to many 
times its former volume. Then it is won that the openings lending 
into and out from it are on the side walls, while the bottom is to all 
appearance solid, old, and (relatively) cold* Even the solid ejecta 
which were thrown out during this period of violent activity include 
no obsidian masses and no lava as recent as that represented in the 
lava hike and In the flows of recent years,. 
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I. The Ejecta Thrown Out in the Mat ■ I&-24 Eruption of Kilauea 



2. Showi ng an Outflow of lava from the Talu^ About So Feet above 
the Lava Lake. July. I9L2 
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That ilui gases from these different sources differ m composition 
is abundantly shown by their continual reaction whim they meet in 
(he lava hike* xk< has been explained in the cefiler [mil of this paper. 

That the fluid material in these individual pockets ia under dif¬ 
ferent pressures ns wdl as different temperatures is also shown by 
many observations of small streams of lava which emerge from tin? 
talus pile, often 100 feet or more above the level of the lava lake, 
and flow down into it (pi tl fig, i!) s Such a flow, observed in June* 
1912, lasted fur several days and released a very considerable bod) 
of lava. 

If the lava lake represented the outlet of a single subterranean 
magma chamber with which it is supposed to be connected through 
a single neck or funnel then l he establishment of a second conduit 
from one to the other will not lie competent tu deliver Java at a 
higher level than the lirsi, or gases of different composition^ A 
separate chamber and un additional source of energy are necessary 
ftvr that. Thus it bus happened that the heterogeneous rharurter of 
the gases collected, the temperature conditions within the lava basin, 
1 lie appearance of the crater when free of all its liquid lava and 
the dynamic relations within the lava body when present in the 
crater, all point to many sources rather than lo a single source both 
of gases and of magma. 

An interesting sidelight of quite another kind has lately been 
thrown on ibis problem from un entirely unexpected source. In 
the mouth of July. 1919, Professor Jaggur took advantage of a favor¬ 
able opportunity to make a rout inn mis series of observations, extend¬ 
ing through the entire month, of the level of lava in the basin of 
ICihiiiGiL The observations were made by vertical triangulation from 
dal uni points on the rim of the pit at intervals of 20 minutes day 
and night with the purpose of ascertaining whether or not a lunar 
nr solar influence upon the lava mass could bo established. The 
examination of the data was made by E, W, Brown, 1 * than whom 
there is nu one with wider experience in the discussion of tidal 
phenomena, and although the curves at first sight appeared to be of 
periodic character and were so reganfed by Jaggar, no more than 
an inch or two in apparent changes of several feet could be attrib¬ 
uted by Brown to Itmi-solar influence. Hail the magma chamber 
been very large, an unmistakable tidal effect would certainly have 
been found. 

And so we return from this investigation a bo to the conclusion 
tliat volcanoes are local and superficial developments representing 
(geologically) the last stages of crystallization in a mass of magtna 
below, of which little remaim fluid and this in .small (os geologic 

“Enmtt W. Ilnissra. "ThUI O^ciJJ ilELlhh In ttakinAuianu, Ute Lava li| *kJ fvllniu^ ,j Aiu 
JoUtn. Set 0, 05, 1035. 
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dimensions go) pockets which are quite variable in g»s content, 
profs-iire, und coiulitiun^ of clmnicul oqui librium. 

There were times even in late geologic history when quite different 
conditions prevailed, when masses of fluid magma were larger and 
poured out through cnurtal rifts several miles in length without 
sigus of explosive activity or uny restraint Upon complete freedom 
of crystallization and release of their volatile content. Such condi¬ 
tions gave us the successive flows known as the Dceeuri traps, the 
t Stormlwrg lavas of South Africa, and the great basaltic outflows of 
the Snake Hiver Basin and adjacent territory in this country, which 
covered nearly 230,000 square miles. Latest of these and appro¬ 
priately smallest in extent is the flow' from the lifiki rift in Iceland 
in 1783. It may well be that such outpourings are past. It is a 
rare volcanic outburst in modern times which yields as much as a 
cubic mile of lava- Miitavatui. in Samoa, is reported to have re¬ 
leased this quantity in a continuous flow through the six years 
ending in 1913* 

Through nil of these studies our conclusion seems to stand fast 
wherever it U applied, namely, that the outstanding factor in deter* 
mining the character of modern voleanism is the gas content of the 
crystallizing magma. I f this be mainly of steam released Su a closed 
chamber, u.” n Luswn Peak, then only steam explosions are to Is* 
ripened as the surface manifestation of the crystallization of the 

magma below; if to the ..re added such chemically active gases 

as chlorine, sulphur, hydrogen uiui the hydrocarbons, then (lieminil 
reaction between these will la* a sufficient cause of higher tempera¬ 
tures and lam flows of the character well known at Vesuvius, Si mm 
iMili. or Kiluiieu. 


GEOLOGY IS" TH>3 SERVICE OF MAN* 


By 1 -mu W. IV, Watts, I),, IJj. 1>.. K, U, 3., \<\ li. S., 
PrctWrnt uf f (flro^j/) /hr /inTi^A A wofuffoN 


DCTROUUCTION 

Although geology in the modem restricted sense of the word is 
over it oeitbtiiy old and possesses a flourishing family of descendant 
science^ it is still possible to truce its immediate parentage and an- 
ecHtrv. The only begetter is unquestionably the mining industry, 
and it is to the ample exposure of rucks in minaa, their condition 
and arrangement in the simpler mining districts, and the necessity 
lor accurate knowledge of these districts with regard to coni posit inn, 
succession, and arrangement, that we owe the earliest detailed knowl¬ 
edge of the earth-crust in certain restricted localities. 

The other parent was of more advanced years, and may lie de- 
scribed as " insal ialv curiosity HL ; die natural instinct. for observing 
and collecting odd and lu/.anv" rarities “ found in excavations nr seen 
hi natural rock exposures. These fossils, using the word as then 
employed and ml in the restricted sense now iisnuL naturally kin¬ 
dled interest by reason of their natiiml I leant y t their regularity in 
s'hafie, their projicrtse^ their likeni'SH Ei>, and yet their tantalizing 
difference from, the npjwaraiKv of living animals and plants It 
was tempting to draw inferences from their occurrence and to ex¬ 
plain them either by marvellous operations winch fuller understand¬ 
ing of nature had not then inhibited, nr by means of catastrophic 
events like those familial in the Miisdr cosmogony. 

Although much had been observed and thought out by his pmle- 
t-esscirs, it is to Werner that we owe the most successful general sta¬ 
tions in ii mineral-bearing district; generalisations winch gained a 
wide influence owing to the enthusiasm and eloquence that ultra den 
students from all over the world and unbind them with the deshe 
to confirm and spread the master's ideas. To Werner also is due 
a fraction from the fanciful speculations of preceding periods with 
wliicli he was so impatient that he pru|Histd tn drop the very term 

p Au mSili> ■■- n-'Uv-.rPH] l^fnrv C M^l-tryi ,,f . HtIUhIi hi Toronto, 
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geology and to substitute his n\vn ward ^geognosy"’ for it* a word 
intended by him to separate the knowable from the unknown. 

Probably there would have been less coitti-overay between Nep- 
e iliuIt-es and EMntouists had Werner committed more of his work 
to writing and not left us dependent on his pupils for their ver- 
worm of his views. Hut it is a curious fact, and one probably not 
dhsmuatnl from a geologists devoLion to Held study, that many of 
those who have made great advance* have either disliked the act of 
writing l >r haw l>een unfortunate in the style of their written work. 
It w ill be sufficient to couple with Werner In this respect such names 
as William Smith, Sedgwick, and even Hutton* not to mention those 
of more recent geologists. It has not been front Smith alone that 
views and conclusions have had to be extracted almost by force 
and committed to writing by faithful devoted 

Yet, after all* this failing has not been without its advantages. 
The joy of such men is in discovery* and t I key arc happy and con¬ 
tented when, but only when, they feci perfect confidence in their 
conclusions. If their results then get published It is with an author¬ 
ity and finality denied to lesser men. In the progress of their work 
they tire apt, us in fact all of them did, to infect their friends and 
students with the enthusiasm that only the spoken word can arouse. 
And t" others they have always been most generous, even lavish, in 
giving ideas and momentum, partly out of sheer nature* hut 

much more through the desire to watch the germination of the good 
seed that they sow broadcast ami to sec the harvest reaped* not by or 
for themselves but for the advantage of the science whose welfare is 
their chief rare. 

During the early growth of the science, as in human families, it 
was the influence of the other parent that was most felt. From 
llie earliest thinkers of Greece and Rome we have record of number¬ 
less observations and discoveries, sometimes in respect of minerals 
or organic fossils, sometimes of unusual phenomena in mountains 
or volcanoes or in the relations of sea and land* generally leading 
tu reasoned conclusions, many of them perhaps fanciful, some even 
absurd, hut other* .so sound and far-seeing that they have not been 
upset at the present day. Many other countries, joining the favored 
ones along the Mediterranean, carried the torch forward, and in 
spite id llie Hugging influence of the vested intellectual interests of 
the day* the stock of knowledge gradually grew* until we find that 
1 Bernardo rla Vinci wok able to make ns great an advance in the 
knowledge of the earth its he did in his own arts of painting, sculp¬ 
ture, and architecture. 

It is true that during this period observers had a tendency to 
confine themselves too exclusively to one or other side of their sub- 


GEOLOGY IN rf JiVJl’E Of MAN-WATTS 


273 


je^-t and were in the habit of reproaching one another with neglect 
„f neighboring branches, but ev en this made for progress by stimulat¬ 
ing competition and discussion. 

In spite, however, of all that had gone before in the fields both 
of fact-collecting and of Speculation, it will 1 m: admitted that no 
single man made so great an individual advance, or placed it upon 
such an enduring foundation, or did so much on which the future 
of his science was to depend, ns W illiam Smith. And it is note¬ 
worthy that the spur to his discoveries was not so much his theoreti¬ 
cal views or even Ids scientific seal, ns a plain and practical issue— 
the finding of a short cut to speedy and accurate land valuation. 

The discovery by the “ father of English geology v that fossils 
are the “ medals of creation ” and that strata are each characterized 
by special suites of organisms was certainly one of the greatest 
ever made in the history of geology, and upon it have been founded, 
directly or indirectly, almost all the latter advances in the science. 
Hut for the fuller utilization of his discoveries there were needed 
the artistic faculty and a wide knowledge of places and people, 
both of which he fortunately p o ssesse d . Tims he was able to intro¬ 
duce handy, crisp, easily remembered and pleasantly sounding local 
terms to characterize his “ forma lions.'* and to represent the out¬ 
crop of strata on maps which were not merely topographical hut, 
fnr the first time, were tectonic also. So welt did he discharge this 
latter function that a comparison of his general map of England 
with I he latest production of the Geological Survey <>n a scale at 
all comparable with it tills one with astonishment at the amount of 
work accomplished by him single handed, and wiib admiration for 
his accuracy. 

It is strange that, in the amateur and official work which followed 
during much of the nineteenth century, so little interest whs taken 
in the industrial application of geological knowledge which, in 
Smith’s hands, hud been so productive. The science had, has been 
said, the “ landed manner.” and the dignity of its application to arts 
and industries was little appreciated. A former director of the 
Geological Survey of Great Britain. Sir Andrew Ramsay, quoted 
with approval the saying of one of his colleagues, “it is hnL the 
overflowings of science that enter into and animate industry. And 
thus, though the scientific side of geology stood to gain much other¬ 
wise unattainable information from contact with its economic ap¬ 
plication, this source of knowledge was nut fully utilized, ami an 
air of mutual suspicion—not wholly unjustified—grew up between 
“theoretical” geologists and those who applied geology to mining 
and other economic problems. Fortunately this feeling is passing 
away* the two sides have found that each is indispensable to tlie 
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uf her, and geologists lire everywhere cooperating with those whose 
work is connected with the discovery or exploitation of the mineral 
wealth of the earth-crust. 

MATERIAL HKltVIUG 

—The first brunch of industry to which geology made itself 
indispensable was coal mining Geology lias long been in close con¬ 
tact with its problems, in mapping the extent of coal fields, collecting 
information as to the succession of me&attim anil the existence and lie 
among them of wonts, faults,, and igneous rocks* tracing the exten¬ 
sion and variation of coal seam*. and estimating the resources avail¬ 
able; and. as scams are worked nt increasing depths and in those 
parts of fields concealed under thick uncunfornmble cover of more 
recent forma lions, the work of the geologist ha* become more essen¬ 
tial and increasingly productive. 

Il is interesting to observe the application of the academic” 
sides of geology to these more recondite problems, in anr*veiling 
tectonic complexes* in the collection of farts which may eventually 
elucidate the precise conditions under which different varieties of 
coal have originated, in applying knowledge as to the limits of the 
original areas of coal deposit, io the interpretation of strut ideation 
in the light of progressive travel of coal-forming conditions geo¬ 
graphically across the mal-pralaemg area*. and: in the stratigraphi¬ 
es] relationship ami i xacl mode of formation of the covering rock 
systems. 

Il is true that the accessibility of.ids when first exploited, and 

tlwiv distribution in scam:' of varying quality* led* and in the newer 
areas ale still leading to mirth waste: waste on fruitless search in 
the light of obtainable knowledge., in exploitation of good, thick, 
anti easily worked seams to the neglect of poorer ones, in the non- 
ptesejwjLiion of satisfactory pious and the consequent leaving of 
derelict areas, in unsatisfactory dniinitge, and in the loss of valuable 
I ^products. But there is n iurrcsjxmdilig advantage lo tluxse of our 
generalion I hat wine t-xpnscd arena of complicated structure, 
and many of the concealed coal fields were left for ourselves and 
future generations by reason of working difficulties which it would 
have been premature to face in the time of easily obtained abundance. 

Evan to-dayj in spite of improved technical knowledge, thetti re¬ 
main many areas in which information urn] inference are Iw-th scanty, 
and where difficulties met in working have not yet been surmounted, 
while there will lie in the future ample scope for improved methods 
and inventions to deal with coal at greater depths than those at 
w hich il cun at present \ h ? eCOlHJinicnlly worked. There is room for 
much new and more precise study limit has yet been devoted to I lie 
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variation of coal ttUOft both in the vertical direction and "hen 
traced over the wide areas of their extent- Elaborate and know 
adgeable saiiipIing T followed by new means of toting, anti these 
S ir#jisjj t>v new m pi hods for recOgEiticxn of varieties, ha^e still to Ihl. 
put into practice before it can be said that wi? nn? making a juxU* 
rialilc and economic use of the capital reserves stored up in the rookt. 

OjT—While we blame onr forefalliers for their destructive and 
wasteful bundling of the coal fields, it is ourselves uni mir own 
generation that we must blame for serious waste of oil and the 
destructive exploitation of nil fields that have Wn permitted. 
There is no ectmomie subject to which geology has hi direct a relation 
as the occurrence and exploration of oil fields, and nothing in recent 
times has given so much employment and such valuable experience 
to geologists all over the world* It is the only esample wo have 
of the sudden introduction of a new source of fuel on a large scale 
in a late stnge of Industrial development and it hm already 
revolutionized many branches of engineering practice* The intro¬ 
duction and spread of the internal combustion engine and all 
that this implies in space economy, cleanliness labor-saving* and 
comfort, ha* been the greatest engineering feature of the late 
nineteenth anil early twentieth centuries, and it has gi'ven rise to 
systems and methods which* mankind would In* loath to abandon. 
The whole world is bem^searched tf> prolong the good limes that 
wo live in; hut in spite of the fact that there probably still remains 
a recoverable |jereentage in the oil producing areas, and that there 
must lie new fields awaiting discovery, there are already signs that 
the high oil mark lias been reached if not passed. But, again 
it is no small comfort that although our supply of native oil, easily 
won and easily refined and applied, cannot last very much longer, 
there are uhmtdan! supplies of nil shale still left* sufficient U> take 
its place for very many decades to come. 

Af*t(ite y etc *—Although the greater port of to-day's session is to 
Ins taken up by papers and discussions on special sides of economic 
geology by those who are far more cornet cut than 1 to speak 
on them* f con not resis( thr temptation to say a few words on that 
side of the subject which touches on metal mining. There is 
probably no subject which has been in the past, more dominated 
by the u practical man," who may be defined us the most theoretical 
of all men, but whose theories are seldom proved and are often 
not susceptible of proof. The valuable information that was ac¬ 
cessible to him has I wen wasted Iwcause he could not it to 
the best advantage, or else it has been lost because he could or 
would not impart it. On the other hand, the "theorist” as he 
has Wen contemptuously named, lias been hampered because he 
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has often only beets called in when difficulties were excessive and 
when the train of facts or reasoning which would have t>eeu ^o 
valuable to him has I won lost. 

In Hniaiii the mining industry is £0 old and the mineral wealth 
in certain spots was m plenteous and accessible that the met di¬ 
mming geologist has had little chance. The eyes have been picked 
out nf the mines long ago* and in certain cases their very bones 
picked dean, and the country has Wn left in such a condition 
that its original state can only lie guessed at, and problems of 
relationship, structure, ami origin are past solution. Consequently, 
it is in the countries whirls have not been inhabited by successive 
races of highly civilized peoples, or in relation to substances for 
which there was in the past little nr no demand* that the subject 
has been susceptible of real advance. 

Thus it 3s that such strides in mining geology have beef* made 
in f antula, the United States, India. South Africa* and Australia, 
where there has been a fair field to work upon, and where proiimmary 
surveys have opened Up the country and given an idea of its hidden 
I el rrn other areas of the world has the work of official 
surveys been watched morn carefully by men of capital and enter¬ 
prise, and money has rarely been lacking for development where 
there seem to lie prospects of n fair return for it, Fortunately, 
too, the training of official geological surveyors has provided a type 
i.f geologist except inn ally well fitted both to prospect independently 
and tu follow 1 out in minute detail, ami from a different viewpoint, 
the preliminary and less detailed examination which is all that is 
practicable in an official survey. These men have carried with 
them not merely competence and enlliuMiastii, but a thorough belief 
in scientific principles, an extensive knowledge of border line sciences* 
and the ability to apply both principles and methods to the 
problems involved. Ill the hands of such men the surest guides 
are scientific principles, just as in the hands of those with u a 
little learning"' imperfectly mulct stood principles arc most danger- 
oils; and m the search for ores becomes keener, and as deposits 
smaller and mure tenuous become worth working, the need for 
increased knowledge of principle and for minute detail in observa¬ 
tion steadily grows. 

Fortunately, we have not yet exhausted the existing stores of 
highly concentrated and singularly pure ores, lines, refractories, 
etc., and the need js less acute than it will become eventually for 
much improved methods of omeentratinn and purification. When 
we feel tlic pinch it will be necessary to call upon the chemist to 
endeavor to make available the abundant supplies of les^ pure 
and less concentrated materials which will remain over fur our 
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successors when we have picked out the best. This has already 
bean to some extent effected for oil and it is beginning for coal - 
it must eventually Iw: done for the still less pure eontces of these two 
substances, for less concentrated ores, and Hie; like* 

StonGf&tc *— The geologist has already done much in the investiga¬ 
tion of the qualities of building stones s plastic auhstancea, and the 
materials for cooling and cement* To a large extent the material* 
in use are satisfactory in the air and surroundings in which they 
occur in nature* But the added problems of a town atmosphere, 
accompanied by increased stresses in large buildings and the modern 
demands of the architect and sculptor, have still to be met, if our 
buildings sire to Ins more permanent and our towns to present a less 
weather-lieu ten as[H;ct than they now do. New nnd reliable mean* 
of testing are required, and we need si more thorough understanding 
of the reactions produced by impure atmospheres and the effects 
of the presence or absence of protective or destructive organisms* 
Future iiivesslgtition will react in the production of more an i is fac¬ 
tory preservatives, and it may lead tn increased production and 
adoption of artificial stones devoid of the qualities which undermine 
lhe power of resistance of natural stones; at the same lime more con- 
tml over color nnd shaping may he obtained* 

Rtefdtt , — Closely akin to the subject of building materials comes 
ilia I ut atones used for Hugging, paving, ami met ailing nf roads, to 
the provision and study of which the geologist has already very 
largely contributed, New problems are daily introduced as rood 
traffic Incomes heavier and as roads are required to be freer from 
dust and vibration. Already many waste products have come into 
valuable utilisttUion, and it wide range of road metals which can be 
railed upon for these purposes exists in almost every country. 

In the siting of roads, railways, and emmls, however* geology 
could render much more useful service than it has yet been called 
upon to give* The routes that are cheapest to make arc by no means 
the cheapest to maintain, and the geological survey of routes would 
very often suggest slight deviations which would he more econom¬ 
ical in the end than when the shortest route compatible with the 
gradients is taken* 

The princes of road makers in Use old world, the Romans, were 
perhaps too heroic in their dealings with gradient*, but they exer¬ 
cised quite remarkable skill in choosing such directions ns to secure 
the least formidable slopes consistent with the general design of 
their routes. Their roads were, however, constructed primarily for 
strategic purposes and secondarily for transport, and it was neces¬ 
sary to sacrifice something* On the other hand, the constructors of 
7GU41 — -20— — '1& 
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the coach roads were, perhaps, too sensitive to the psychology of 
their horses and the limitations of their vehicles, and their roads arc 
not ideal for present-day traffic. Some compromise seems to be 
required between the two methods, and not the method of the 
Eomans tempered by Hie cuttings and tunnels of the railway engi¬ 
neer. Now that we have a vehicle that rejoins in a hill, whether 
for or against it, and for the first time have a means for lull climbing 
at speed, it Is a pity Lo Hatton down gradients too much; and though 
it is legitimate and even accessary to remove dangerous crossings and 
curves, it should be remembered that an everlasting straight vista 
is as exasperating to a driver as it is heartbreaking in a horse. And 
if mads of this most desirable type are t« be satisfactorily and 
cheaply maintained, it will be more than ever necessary to study 
routes in relation to the rocks that are traversed and the water 
contained in them* 

Something of what has beeti said with reference to roads applies 
with equal force to other engineering undertakings, railways, and 
canals, harbor-works, bridges and large and heavy buildings, par¬ 
ticularly those intended to -land for centuries. The general success 
of such works is ample testimony to the knowledge and skill ex¬ 
pended upon them by engineers and architects, os well as to the 
clastic toleration of sites so heavily taxed- and one Is tempted to 
believe that a much larger amount of study has been given to 
geological questions in these -us^s than is usually admitted. 

IFater.—Of all engineering questions, that most closely involved 
with geological science is probably water supply. So far as under¬ 
ground water is concerned, geologists and engineers working to¬ 
gether have amassed a volume of fart and principle which has nut 
yet been completely codified and rendered accessible. An unex¬ 
pectedly large proportion of the available rainfall has in many 
instances been obtained by successful drilling, in spite of the com¬ 
plication of the question by surface pollution, and in the face of 
many legal inanities and much charlatanry. And the extension of 
these methods to arid regions* as in Australia arid north Africa, Juts 
brought under cultivation large areas which needed nothing but Lhc 
"striking of the rock by the rod ?F of the driller to make new' oases 
in the desert, and thus render available some of the richest soils in 
the world. 

Much the same is true of overground supplies,, which have been 
a blessing not merely to the towns and lands supplied, but to the 
rivers and drainage basins regularized and protected in large 
measure from ever-rcctirrenl Hoods and the damage consequent upon 
tfiem. Although in such works geological conditions are often taken 
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Into full account} an elaborate geological survey ai u very early 
stags would in moat eases more than pay its way. Such u survey 
would not only give a good preliminary idea of the nature and 
tectonics of the rocks underlying sites of dams and reservoirs, bivl it 
would save its cost in limiting the number and in giving rational 
direction to the inevitable pits which must he sunk, by restricting 
them to the elucidation of points which the surface mapping leaves 
obscure. It would at the same time direct attention to the innumer¬ 
able pitfall* which sites often present and would generally provide 
on the spot much of the requisite material for constructing 

It is nil arguable question whether the expenditure of eueh vast 
sums as hovo been devoted to the supply of large towns is entirely 
justified. The provision of a single supply, of which large quantities 
are used for drinking, cooking, and industrial purposes, necessitates 
that the water shall be of immaculate purity, and this pure sub- 
stance, the purest of all the things we consume, is employed—may 
we not say wasted-—for flushing, washing, and a host of other 
purposes for which a Jess pure water would suffice. Surely the lime 
has come when people could be educated up to the use of a dual 
supply, and this should l?c a commercial possibility where the area 
served and quantity used tire really large. Hie experience of I-on don 
has shown Lhe very high cost of a single supply to all consumer* and 
fur all purposes, and the limits of future supply are almost In sight. 
It seems to lie time t hat the problems of a dual service should engage 
serious attention. 

Potrtr *—Owing to the configuration and rainfall of the British 
Isles, and their congested population, we are apt to think of water 
questions iii terms of supply, and, though we arc using a certain 
amount of water for pow er, there is only a limited development pos¬ 
sible. In many other parts of the Empire, however, this is beaming 
a valuable asset, and nowhere more than in Canada, which is rapidly 
developing its resources on a very largo scale. What has been said 
with reference to water supply is of equal application here* for the 
physiographic conditions which bring about sleep gradients accom¬ 
panied by largo bodies of water, introduce fac tors of denudation, 
transport, and deposition by the water which call for most rurefut 
selection of sites for reservoirs and works, if the all too frequent 
disasters are to be avoided, and if ilie schemes are not to be ephem¬ 
eral in duration and excessively costly in upkeep. 

With sources of power other than coal and water—including that 
of the tides—the geologist baa little concern. But there has been 
brought inlo service at Volterra, in Italy, a new' source of power in 
the high-temperature steam from fumarules which had previously 
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been used only us a source of borax. Now the steam is being tapped 
bv Ih» rings adventurously carried out, and its chief heat in employed 
in running groat power stations, only the residual heat being given 
up to the manufacture of borax. This may la? but the beginning of 
ihe application of a new and valuable source of power in which 
the services of geology will be required and from which that science 
rlutids to learn much. We are haunted by the fear that a limit 
will Ijc imposed by high tempera Lure to deep mining, while that very 
heat may provide energy as valuable as the material which would 
otherwise lw? mined; just as we dread the gas from certain coal 
roams when the gas might, if it could be exploited, give a return 
equivalent to that of the coal itself. 

Atpritfullwe and F^n§htjf k — leaving aside relations already 
touched upon, the connection of geology with agriculture and forestry 
Is through the medium of soils and subsoils, and, though the geolo¬ 
gist stains unsuited to deal unaided with soils, his methods are those 
which the soil investigator must uro; and soil surveys arc now 
being carried out by agriculturists working in conjunction with 
geologists. This results in giving new mid valuable facts and infer¬ 
ences for the benefit of both sciences. On the geological side it is 
rendering more available I he facts of plant distribution, and what 
has been called agronomics, which, speaking for myself, I have 
al ways found very hard to get hold of- On I he other hand, the serv¬ 
ices of geologists are likely to be of especial value in the matter of 
trim ported soils, loam** loess, brick earths, drifts, gravels, and the 
like, where the condition* of formation may in tunny cases provide n 
key to their peculiarities The same considerations apply to forestry, 
rind here, in addition, well-established facts, such ns the successive 
forest types displayed in peat Iwiga, may betray principles that will 
be of service in practice. Questions of site t scwnge-dis-|KjsftU ami 
health are bound up with questions of water and agriculture and 
need no further notice here. 

Military Rriffur .—ft will be readily admitted that geology has 
been nf conspicuous service in connection with military operations in 
such frays as the siting of romps, trenches, and dug^oute; while the 
minute study of the water table in northern France during the late 
war was not only of value in obtaining water supplies but was of 
conspicuous utility in mining and countermining, in which exact and 
detailed knowledge was successfully pitted against a knowledge 
which was fci just there or thereabouts.” 

The u eye for a country,* the visualizing of features plotted on 
maps and making the utmost use of them, qualities on which good 
strategy is founded, are the same qualities which are essential to 
a competent geological surveyor; and I can not help thinking that 
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strategic ability would reap us much advantage from a k(i)» ledge 
of the underlying canons of topographic relief as die geologist 
would from a study of the principles of military topography. It 
was a wise scheme to train the British home and overseas armies 
on ground similar in bind nod in relief to that on which they were 
about to fight in Franco; but it should have been realized that 
physical causes and the resultant topographical relief differ in 
essential particulars in lemjicratc and tropical climates. 

INTELLECTUAL SERVICE 

Innumerable as are the services which tli.* science of geology 
has rendered to man on the material side, these are at least equalled, 
if not outweighed, by those rendered on the intellectual side, either 
In the direct application of its principles to the life of mankind, or 
in the aid given to other sciences and the confidence engendered in 
such of their conclusions as can be tested in the light of geological 
history. 

Throughout most of its range and in its more special directions, 
geology, like zoology and botany, is mainly an observational science. 
Multitudes of facts have to be observed and grouped, and as much 
skill is required in selecting from them the more significant and 
decisive as in collecting them. Experiment for the most part is of 
service in the criticism and verification of tentative thiorics; and, on 
the physical and applied sides more especially, it is becoming of 
great value. But the process of examination in chief, and the crosn- 
exuminution in the field by a highly qualified and fully trained 
observer, are so exhaustive that not very much is left to submit for 
checking to the experimenter. 

Even more than either of these two sciences is geology ait open- 
air science and one which rails for and imparts a love of nature that 
can not but deepen as knowledge increases. Its most interesting 
work lies as a rule in the districts most attractive for other reasons. 
In the course of geological work the country must las thoroughly 
traversed, and, when possible, should be seen again and again, in 
all lights, under all aspects, and at all times and seasons. 
Hypotheses grow but slowly, and cull for constant checking or 
verification in the field, the gradually growing ideas being an in¬ 
tensive spur in the troll ection of new facts or the reservation of old 
ones, and in the comparison with like or unlike cases published or 
unpublished. But. as they grew, hypotheses give to their framer 
a power of prediction, more precise* as the hypothesis h better 
founded; and one of the most fascinating parts of bis work is the 
testing out of such predictions and the making of crucial observa- 
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tiuiis thus needed and inspired* It is for these reasona principally 
that geology has earned its reputation as a lighting science, It 
is hard to decide just exactly when evidence amounts to absolute 
proof; and different observers, having: reached varying stages in 
the completeness of their observations* may be led by the sum of 
them to different explanatory theories; or in the sphere of their own 
work they may be specially inilucnced by facts current there. 

This seems to be the place in enter a protest against dominant 
ideas with regard to education and training in geology. The 
tendency in early ed neat ion has been to squeeze out other sciences 
m favor of those that are called fundamental, and to suppose that, 
because it makes use of most other sciences, training in geology 
ought not to be begun until nil others have been mastered. This 
is to go counter to the history of the science itself. Its leading 
methods were evolved in the early days of physics and chemistry 
and by men often ignorant oven of such principles as were then 
understood. As geology has grown it Ims given to these sciences 
many problems for solution in return for the solutions received, 
problems which would have long waited for attention had not their 
geological application been urgent. Further, as the solution of his 
problems requires not only a very extensive knowledge, but a work¬ 
manlike ability to apply both methods and principles, it is difficult 
to suy at what stage even the most competent scientific man, if he is 
ultimately to ileal with all his problems hiiusdf, cun be ready to 
begin the study of gcol ngy* 

Meantime, qualities of far higher value to e geologist, which in 
most cases ran only Iks acquired young, are bting lost, each os 
the habit of close observation, the aptitude to distinguish minute 
resemblances and differences, and the faculty of judging tendencies, 
together with the instinct and patience to make collections. These 
propensities irome very early anti speedily become blunted if not 
exorcised. I would advocate, with all the earned ness of an old 
teacher, that some for in of earth knowledge involving observation 
of facts and collection of specimens, and the l I rawing of inferences 
from theiii, should find a place in schools ind lie encouraged at 
the universities side by aide with the fund ament al sciences. Such 
studies will not possess the meticulous exactitude of the others* 
hat in this respect their tendency may be corrected by them. They 
will, however, bring the student into contact with realities, things 
as they are, instead of inaccexsible, abstract conceptions, tilings 
beyond experience—such as pure substances, or forces acting in 
the alisenee of friction. They will give him the thrill of discovery 
and explanation, teach him that the end of science is to extract 
law and principle from observation and exjjcrlment, and, instead 
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of keeping him along rigid linos to an assured and preobteinod 
solution, will give him a choice of approach nod accustom him to 
frame and test hypotheses which to him at any rate will be new 
and his own. Further, they will do much to teach him his own 
shortcomings and give him a keen incentive to acquire the very 
sciences which in themselves may be did! or even repulsive until lie 
has convinced himself of their utility and necessity to his own work. 

While acknowledging indebtedness to those sciences which have 
so generously contributed their results to geology, we feel that we 
have some ground for complaint that at limes their tolaiies hate 
not resisted’tho temptation to drop bombs which Imre exploded in 
our midst and produced a certain amount of trepidation and some¬ 
times legitimate indignation. We consider that it is up to those 
who feel compelled to do this to acquire some knowledge of geological 
principles and of the lines of reasoning on which they are founded. 
They should recognize that it pyramid is difficult to upset, because 
in the process of building it the materials und structure have Ijeen 
carefully selected und tested liv the builders. 1 o be told after 
a century's search ami reasoning that we must lake uur time bill 
and “sit down quickly ami write 11 off Sill, or it may be DO, per cent 
of it, ought not to have disturbed us as much as it did, not more 
indeed than now does the permission of Hie representatives of the 
same science to multiply our original time bill, if we like, by 1*> 
or 20, or even more, so far as their present state of knowledge 
extends. Our answer la that, we have hot done the one ami hate 
no tleai re to do the other, so far as tlie sedimentary rocks at present 
known to us arc concerned. 

The geologist, however, should he, anil is, the last to deprecate 
the application of the highest, and newest conclusions of physical 
and chemical science to his own problems and to the criticism of 
Ids solutions of them, for it is certain that this will always result 
in doing much to reduce many of the barriers which retard his 
advance. For this reason we must welcome even so fantastic a 
hypothesis as that of Wegener, for the problem of the overthrnst 
“nappes” of mountain regions is one of our greatest difficulties, 
and all explanations hitherto proposed are so hopelessly inadequate 
(hut we have sometimes felt compelled to doubt whether the facts 
really are as stated. 

lint the phenomena have now been observed so carefully and m so 
many different districts that any real donht as to the facts is n«t of 
the question, and we must still look for some adequate method by 
which the owrthrusting could have i»ecn brought about. And if 
dozens of square miles of ground have liecll shifted over their founda¬ 
tions and away from their roots for many linear miles in the course 
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of a single geological Period, who shall say what might not be uc- 
cymplished in the course of Eras # 

Important confluences tbw from the fact that the goal end ex- 
predion of most geological research is the construction of a map of 
tlie area studied. To the layman who studies a country with a geo¬ 
logical map in hand, it is hard to resist the conclusion that the map 
is merely fanciful: he can sea no evidence for the lines laid down or 
the symbols employed, and ho is astonished when trenching or drill¬ 
ing proves their correctness at any particular point. It is difficult 
for him to see or to realize the cumulative force of the aggregation 
of minute pieces of evidence slight differences in slope nr soil, varia¬ 
tions in quality! quantity, or luxuriance of vegetation, variations in 
dryness or moisture, the distribution of culture, the extension into 
the area of some underlying tectonic plan—the laws of which may 
have been worked out elsewhere—and the thousand-and-onc consider¬ 
ations which go to make up the mind of the geologist 

It is. nf course, perfectly true that the imli vidualltj of the surveyor 
enters not a little into the extrapolation of geological lines, beyond 
lIio points where direct observation of the rocks is pofisibki much 
is this the ease ? that it is feasible, from the inspection of Ids map, to 
gauge, not only the geological competence, experience, and attain¬ 
ments of the surveyor, but it is knowledge and grasp of physiographic 
for iii, his power to see into intricate solid geometry, his artistic skill 
of hand and eye, ami, above all, that indefinable qua lit}" Ids h “eye for 
li country 1 ' on which so very much depends. 

The construction of a map lias the further advantage that it grows 
by the alternation of periods of observation in the held with periods 
devoted to the thinking out of structure after each day s work and 
in the intervals between successive visits to the field, so that with 
every return to the ground, the facts may be reobserved and lines 
retested in the light of grow tag knowledge* It is true that ideal 
observation should be so complete and exact that reobservation bus 
nothing to tench; but, m a matter of fact, with a map os with a book, 
what one takes from it is what one brings to it T clarified, improved, 
and extended. T lie re should be allowed to professional geological 
surveyors as much elasticity as possible, so that, in addition to de¬ 
tailed and exhaustive primary survey, there may be frequent revision 
in the light of their own work mid that of their neighbor*. In this 
respect the h mi d-cu lured form in which geological maps^werc origi¬ 
nal ly polished has an advantage over flic newer, cheaper, nnd more 
consistent color-printed maps. 

Geologic should give a cordial welcome to the new aid provided 
by aerial survey and photography, This provides the lust point of 
view of their areas, which has been hitherto denied, ihough they 
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have been in the habit of making use of the only substitute open to 
them, prospecting and photographing from the highest points no 
cesaible. Many unexpected results have thus been secured in an lie- 
olggv And nt least as much rosy be looked for in geological surveys 
even in settled and surveyed districts, while in unsurveyed and un¬ 
prospected regions its use is proving of the highest importance. 
Too much credit can not lie given to Canada for its enterprise in 
using this method for the prospecting and preliminary survey of ie 
animal, vegetable, and minersi resources of its great hinterland by 
means of the airplane. A great saving in time ami cost has thus 
been secured, and the method bids fair to remove the reproach lev¬ 
eled at the British Km pi re that such vast areas of it are practice \ 

unknown. .. . , . 

Physiography o«rf Geography .is because of the variety and 

intensity of observation essential to geological sun eying' in t ic 
course of which every acre of his ground must lie traversed, an 
much of it retraversed—that the geologist must necessarily become a 
physiographer and geographer. There is a limit to the per eel ion 
of topographic maps and surveys, even when, ns in the United states, 
there is close cooperation between the Topographic and the _ieo op- 
cnl Surveys; and it is the duty of the geologist to take note of m- 
nmiifrttbk 1 feature wlikti have no delineation* still tes* eiplsinatiOft, 
on such maps. The geologist is probably ihe only class of person 
who has to traverse large areas with his eves open, not to one class <> 
phenomena only, but to all that can help him to decide questions of 
concealed structure; and he naturally seeks to supplement thir- >j 
personal contact with the inhabitants, and with their wiittcn tmd mi 
written records, which it is part of his business to interpret and ex¬ 
plain, Nor can he confine himself to tho purely physiographic as- 
fiect of his area. He is led into bypaths os a byplay, find many facts 
with regard to the distribution of animals nod plants, and of the 
tlwd lings , cmMipatioa&, and iili m rac Ics of the people, can 

escape hi* observation; neither can be shut his eyes u> historic and 
prehistoric facts. Thus, when a geologist leaves his district, he m 
tre her ally possessed of a store of knowledge reaching far beyond the 
strict bounds of his science. 

While geologists, from the conditions under which they work, 
have been able personally to make individual contributions to these 
sciences, the most important service of geology- as ft whole has been 
the transformation of geography from a static into n dynamic sei- 
eftce. In its earlier stages, geology discovered that progress involved 
the close study of the earth of the present ami the application of 
that knowledge to explain its part change*; anti the progress of p> 
ology 1ms only intensified both the need of deeper study and the 
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fuller application of it- To-day it is essential for geographers be 
perfectly fcinitliur with the past history of tlio earth in order that 
they may be able to explain the phenomena of Lhu present. 

The question may be summed up by saying that geology has be¬ 
come n physiological study of the earth as an organism with a life 
all its own. We can watch tin: geographical changes t (trough which 
Lho earth lias passed, revealed as they are in the nature and dislribii- 
liun of rocks and fossils- We can even discover the dry land—the 
actual Em■ dsen |jv and physiographic relied itself—-preserved in a 
fossil state, and judge from it the climates then prevailing and their 
distribution in distinct epochs. Wo can form some Idea of the modes 
of origin and dates of appearance of continents and mountain chains, 
and oilier lending features of the relief of the crust. We are learning 
to rend the evidence given by the interactions uf igneous and aipie* 
ons rocks as to the nature of the stresses hy which the structure of the 
crust itself has been moulded. Them are, It is true, tunny gups in our 
knowledge, hut their very existence ia of value in quickening and 
directing research in order that our history may become as full as 
it can possibly lie made, Uadi advance upon the technical side of the 
subject, the pursuit of detailed zonal stratigraphy, the application of 
the miflcroscope in so many hew directions, and die broadening of 
the area of study, all react sooner or later in improving, refining, 
and extending our knowledge of earth history. They combine with 
the evidence of paleontology to convince us tliat tins earth of ours is 
"■till young, active, and full i j f life, ami that any process of ‘'running 
down" is constantly lasing hold by self-acting checks which arc put 
ting forward |.o vastly distant ages "all pmsjicct of an end," 

Bioloi/u'td siHCtu'v-g .—While astronomy has given us the conception 
of Illimitable space, it has done much to destroy what has been 
culled the anthropomorphic view of creation. Geology, on the other 
hand has endowed ns with an almost limitless conception of time, hut 
it has done something to rehabilitate the Importance of man as the 
highest product yet reached in the long history of the earth. 

This it has done in the main through the intense reality that it has 
given to the conception of evolution. Although several authors, and 
two in particular, have pointed out tliat such a conception could not 
have been formed without 11 it* |K>siuIutoH uf time and continuity of 
existence contributed by geology, it ia hardly realized how much 
geological hi bur on the life of tire earth, and on life on the earth, ns 
summed up by Lye]] and grouped mid prcr-entcd hy him in his great 
WLirk on " l he E'rim'iples of biology,'' was necessary to give to 
evolution a concrete and cogent tip plica lion. 'flu- function of this 
labor could hardly be letter indicated than hy tin- position of gtoJogy 
as displayed in Lyell’a earlier editions. The modern reader of diem 
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is continually haunted by the feeling that the author was struggling 
for a single missing genaralizaticm which he failed to find; ami 
although, in almust every branch of the subject treated, Lyell leads 
U|> again and again to the missing conception, and though the I act a 
and inferences which he muditlled can now be seen to be marching 
on this great idea, lie never quite succeeded in attaining it foi Ji i til— 
self, It was left for Darwin, than whom no one was more conscious 
of what ho owed to Lyall, to sec that the facts must rest on some great 
single fundamental principle, to realize that this principle was evolu- 
tlon, and to apply it to his own branch, the development of life. 

Tjydl had proved that the long history of the earth as recorded 
in the rocks revealed lhe operation of causes, small in relation to 
the earth os a whole, but persistent, the majority of them still in 
action. Ir was a further debt to Lyell that Darwin should bring in 
the con tin units operation of small causes as the machinery operating 
and guiding the evolution of life. 

Hilt though the work of geologists, as summed up by Lyell, pro* 
vided the starting point for the conception of organic evolution, it 
did not stop here. The idea of Umformitarmnisnv in which that 
work nil mi no ted was meant as a rear t ion again si the fantastic opera¬ 
tions postulated by the Catastraphists, and was never intended to 
Imply that these causes in the past were always balanced or distrib¬ 
uted us they are now. There was in Lyell’s statements nothing to 
indicate that denudation or earth movement might not have been 
more active at pcrinds of the past, that organic change might not 
accelerate or slow down, that there might not be variations in the 
trends of continental or Oceanic development resulting in climutal 
and other changes, or that the very sources and intensities of energy 
from outside or inside the earth might not seriously very. Only, 
warrant must be found for all such supposi lions with regard to the 
earth of the past from fuller study of the earth of the present. And 
if we recognize the inner spirit winch inspired the eloquent words 
of Lyell, when he had grasped that Darwin had supplied the one 
missing idea, we can not fail to see that his Uniformitariantsm in¬ 
cluded evolution as one of the “existing causes” to l>e taken into 
consideration. 

The physiology of the earth, however, is that of a very complex 
organism, and we are sure that we do not yet know all the forces 
internal and external acting njion il, still less their relative value and 
intensity, their distribution and variation in the past, or the precise 
record? which each is capable of imprinting on the rocks of the Piirth- 
rnist. J tol il is becoming clearer that there has been a periodicity in 
the stages of development of the earth erttst, and that on these great 
pulses of earth life there have itecii imposed innumerable waves of 
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smaller cyclfcSj and that, oil account of their interference with* or 
reinforcement of. one another, the simpier type of cyclic repetition 
which might have been looked for in the history is masked mid 
broken und diversified by actual happenings of an infinite variety. 

Van Hisc more than once complained of the tendency of geologists 
to adhere to single explanations of events, and advocated the neces¬ 
sity of considering the cooperation of many iNMlflitej and it may well 
be that in many outstanding problems such sh past glacial or tropi¬ 
cal periods, coral reefs, stages of earth movement, progression and 
regression of the oceans, we may find the ultimate explanation in the 
interaction of a number of a true causes.” 

EVOLUTION 

During tlie long period of time comprised in t lie history from the 
Cambrian period onwards, the alow and persistent evolution of 
plant and animal life went forward and left ample record in the 
rocks* Tu warrant a belief in organic evolution, we arc no longer 
solely dependent on reasoning founded on existing organisms or on 
the facts of their ontogeny and distribution. As M, MarooUtn Bmifo 
says in his work on Fossil Man, 11 * * * pour tout ce tpii a trait 

ii Involution des litres organ on general, le dernier mot doit renter 
a la Pal&mtoJogie tjuand cette science ost en measure do parlor daire- 
meat. Les plus fins travaux anntomjqLies, lm compantifrons les plus 
upprofondias, les ruisonnemenis les phis ingenfoux sur In murpliulo 
gic lies circa actuals ms s&uriiknt avoir la valour demonstrative des 
documents tires de hi roe he oil ils sont enfouis el disposes dans four 
ordre chronologique mCims.” 1 Although we are only too pain full; 
si ware of the in mime ruble chum:es thus rcuispire to prevent an animal 
or plant from securing immortality by preservation as a fossil, the 
finding of better preserved material, the more skillful preparation 
of it for examination, ami the lipplfouUon to it of refined biological 
methods, such as careful distiCi-tjon and the serial sect inns nf Profes¬ 
sor Sollas, are giving us more complete und accurate knowledge than 
evi r before. I t may now be confidently stilted that many of I he 
ino>t crucial links in the chain of evolving life are in our hands; 
that they actually lived in the past, and that their fossil forms show 
their relationship to their predecessors and aueraainr*, The time has 
come when Darwin's famous chapter i.n ifo- " Imperfection of tlo- 
Ufoktgical Eeeord” an apology wriit.u with the mo*l habnuxd 
criticism and unbiased judgment, should \hi rewritten and revised. 

It is true that we ^-eiu os far as ever from unveiling the points of 
divergence of the great phyla, and wo .-an but feel that the time from 
the beginning of the Cambrian period onward is but a small part of 
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the whole history of life on the earth. As with antiquarian research, 
each now discovery in geology T whether on the physical or the bio¬ 
logical sicks only brings these distant ages more fully into view and 
emphasizes their modernity and their likeness to our own time. 
Huttons famous dictum that he saw “no vestige of a loginning, 
no prn^jH'd nf an end. is to-day more true than ever, when we 
regard ii ly evidence of stratified rocks. But we know enough to 
conviniv ns that within pqstCanibriim time evolution has steadily 
proceeded from general to specuil, from simple to complex* from 
lower to higher efficiency. 

In almost, even subdivision of the animal kingdom;, and in not 
a few branches of the vegetable kingdom, lines of descent and 
directions of specialization have been made oat* sometimes visibly 
operating throughout whole Systems, but more usually through 
smaller divisions of the record: and this in the farmor kingdom 
not only among Vertebrates hut among the invertebrates mid even 
their lower subkingdoius. It may even be slated that in methods 
of defense* in food procuring, in the atsalninent of favorable posi¬ 
tions and attitudes, something very closely imitating what would be 
expected on the doctrine of the origin of species by u survival of the 
fittest tf lias again and again occurred. 

The essence of evolution is unbroken sequence, and when we con¬ 
sider the extraordinary delicacy of the adjustment of life to its 
physical and organic environment, the mutual interdependence of 
life farms, and the necessity to them of such factors as favorable 
range of temperature, food* climatic conditions, soil, and the con¬ 
tinuity of the element ' in nr on which they live, it is most won¬ 
derful that in the vast lapse of past-Archaean time it has bean 
possible for life to exist continuously and continually to evolve, 
throughout those long ages. And this in spile of the fact that* 
although the main chain has been unbroken, conditions have, in 
many ras*;*, been so unfavorable that whole groups have flourished 
and died out, while others have become so attenuated that only a 
few survivors have been left* highly restricted in distribution, to 
burgeon out again when the unfavorable conditions were removed, 
or in other place- where conditions have again become more favor¬ 
able to them. 

That life has survived continuously in spite of the vicissitudes 
through which it lias Iwien compelled to pass, and the frequent con¬ 
vergence upon it of unfavorable condition*, may wd! be taken to 
heart by those who fear that civilization will Ih? brought to an end 
by the misuse of the powers that itself has evolved. They may 
surely take courage and I rust that the remedy for these evils will 
conic, as it has m innumerable uther rases, not from convention* 
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anil understandings that, ns all history shows* will be merti scraps 
of paper* hut from the intensive application to them of she very 
science which has evolved them. 

Although ihe geological record is, and possibly will always remain, 
incomplete* it lias yet proved remarkably representative, and cer¬ 
tain outstanding facta have been made out which urn sufficient to 
show that the lines of organic evolution as recorded in geology are 
in accordance with what is theoretically probable, and with those 
taken by I ha evolution of domestical ed organising and by human arts 
and inventions. 

1. There can be no doubt that Ihe stages of organic evolution 
are correlated with and were actuated by the stages in the inorganic 
evolution of the earth itself. That climatic change was effective 
in inducing migration, and I bus in sharpening the struggle for 
existence against both enemy organisms and changed physical en¬ 
vironment; that extension and restriction of land ami water areas 
in sortie cases brought about keener and more varied competition* 
change of habit or food, and in others the destruction of potential 
enemies and the securing of the advantages of n fair field for the 
survivors; and that activity of the earth-mist m such things os 
deposition and mountain building provided conditions for the exist¬ 
ence of an increased range of varieties and the consequent struggle 
between them: If weave not allowed to say that this brought about 
the survival of the fit, it at least caused the destruction of the unfit, 

2. Tt may be stated as a biological law that every locality becomes 
w full '* of life, forms arriving nr evolving to lake advantage of the 
special facilities ofFemi In consequence, resistance to the incur¬ 
sion of new forms, even if they are exceptionally equipped, is very 
great, and It is only occasionally that such new fortius ran make 
good their immigration. There are, of course, marked exceptions, 
bur these generally occur when degeneration or overgrowth in size 
accompanied by neglect of means of defense have occurred, or when 
an area has been for so long sheltered from the wider and more 
gene rat course of evolution that it has fallen seriously behindhand 
in the race. 

The geological record gives indirect evidence of the same Milling 3 ' 
of areas in the pa^t in the extranrdimiry shovness with which 
advanced types that have eventually made great headway csttib- 
fished themselves after their introduction; the earliest fishes, rep 
tiles, and mammals are cases in point. Imperfect as the fir=* mem¬ 
bers of these groups undoubtedly were, they must, even shortly 
after their introduction, have possessed considerable advantages 
over the older and established forms with which they found theni- 
tolvea In competition. In size and strength they were doubtless 
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inferior, and probably they must have la ken long periods to make 
good their advantage. But in all such cases the now forms went for 
a long period into “retreat” and, in face of the apparent slowness 
of their evolution and the bitter competition to which they were 
subjected, it is remarkable that they overpassed the troubles of 
racial youth, and eventually took the place to which they were 
entitled in the scheme of life. It seems justifiable to believe that 
there must have been at least some well-equipped types which did 
not survive cornet it ion in these early stages, but went under with 
all their promise of future success. We can easily imagine that 
the survival of such, had it occurred, may have altered (he whole 
course of evolution and produced a life-story very different from 
that we know to-day* and of which we ourselves form no small 
part, 

Xot. less remarkable than the period of “retreat” is that of 
booming development which at last came to each successful modifica¬ 
tion. In this connection we can instance the “pleine evolution T? 
of the graptolites, the euediinnida, am monoids, and belemnoids, 
the lishcs, reptiles, birds, and mammals* each in its own Lime, 
Each slowly but surely built up its supremacy, and then wantoned 
through long ages as the lord of creation in its own clement and 
in its own day. Both the period of sanctuary and the subsequent 
Swoin can be closely paralleled by the case of many htmutn inven¬ 
tions and in the occupations and history of mankind. 

4. But while there are outstanding cases in which a line of ad 
vaiit.t! is taken that is capable of successive improvements and leads 
on in continuous success, there are many other instances in which 
I he line of advance, though temporarily advantageous, has only been 
carried through a limited number of stages, and eventually fulled 
either by its inherent inadequacy or by imposing so heavy a burden 
on the economy of the organism that it was unable to iM'ar the cosL 

The only instance I need quote, though there arc many others, 
i* the use of defensive armor, spines, plates, honks, horns, etc. 
These provide an obvious method of resistance to attack, and this 
defensive altitude has been practised by one group of organism* 
after another, but always with the same disastrous result, the im¬ 
position of a fatal strain on the organism to meet renewed, perfected* 
and more vigorous attack. The apmo&c graptolitcs and trilobate** 
the armored fishes and reptiles, are cases in point, and in the last 
of these in stances, at least, victory rested with ibe acquirement or 
swiftness in movement, accompanied by increasing power of attack 
such a* is given by the development of teeth nr claws or both. 
Again ami again in the Tertiary Era one group of Enanunals after 
another, before, or more usually after, the attainment of great size* 
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his taken to *>omc means of sclent ary defense, and in every case 
the cost of upkeep 1 1025 been too great and the group lias gone under. 
Every time the race has been to the swift, active* and strong* and 
those I hut trusted in “passive resistance*” in “defence and not de¬ 
fiance / 1 have gone under 111 competition with those that have been 
prepared to face the risks involved in attack- The fact that turtles 
and armadillos have survived to I he present indorses rather than 
vitiates the principle. 

Other eases of rapid decline or sudden disappearance are mure 
difficult to account for. The waning of the brachiopods* but not 
yet their disappearance, the disappearance of the ptcrklosperms* the 
rugose corals, the betemnoids and ammonoids synchronizing with 
the vanishing of many orders of reptiles, will long furnish subjects 
for research by biologists and geologists. 

And it may well be that the explanation will often bo along 
biological rather than physical lines, such as those suggested for the 
graptoJitcs: Lapwarth pointed out that their disappearance—in 
spite of ti brave effort of passive resistance—^ynchroni^d with the 
great development of fishes* and the assumption by them of many 
of the functions previously discharged by the trilobites. In other 
cases the explanation may be more in the direction of that given for 
the reptiles, to be referred to later. 

The rarity in Lhe geological record of some of the stages in evnlu- 
tion* and the absence of others which must surely have existed, may 
receive some explanation from what has frequently occurred in the 
history of human invention. I f variants arise and are subjected to 
intense competition, they have no chance in the struggle for exist¬ 
ence unless they show rapid improvement and development of the 
favorable variations wiihiti a few generations. Hence the numbers 
e xhib iting each of the early stages of change will alw ays be few and 
the chances of their preservation slight. Those who have tried to 
work out the stages in the history of an invention, for instance, will 
appreciate the rarity of " missing links ht and the difficulty of tilling 
in every step toward the Inter perfection. These are looked upon ws 
4 freaks” and* unless they present real and marked improvement, 
are never manufactured on a large scale. Their numbers conse¬ 
quently are few* and many of theni ore the victims of experiment 
and often do not survive the experience. 

o. Perhaps the moat wonderful result disclosed, by a study of the 
later part of the geologim! record is the .steady and unbroken evo¬ 
lution of brain from the earliest vertebrate animals to the present. 
The exceeding slowness of the prints in its early stages is not less 
wonderful than its acceleration during the latest stages of geological 
history. The disappearance of so many orders of reptiles nt the end 
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of the Mesozoic period, at Lhe close of a long and most prom tain g 
chain of evolution, indicates that there was some inherent weakness 
underlying lino of evolution entered upon bv them, which pro- 
reeded'so far and favorably thuL it was impossible to retrace the 
path. This muv well have been connected with the substance or con¬ 
struction of brain and nerve. If so, this side of evolution has to lie 
w rionsly reckoned with, and it may be that the fundamental weak- 
gate of physical as opposed to intellectual evolution brought this 
flourishing and well-developed group to it? end. 

It has, of course been suggested by Scarles V. Wood, jr.. 1 and 
others that the destruction of Mesozoic life types was brought about 
by physical changes; but, apart from the fact that the particular 
changes supposed by the former did not as a matter of fact occur, 
the entire explanation provides a cause utterly i nsuffi cient in coni- 
pnriaon with the potency of organic struggle against creatures lietter 
endowed with warm blood, adequate brain substance, and the ac¬ 
tivity and enterprise springing therefrom. 

In spite of the evidence of acceleration as the higher ranks of 
animals are reached, and in spite of the extraordinary efficiency of 
the human brain and all the benefits to the organism it brings ab^ut, 
wc may well In; appalled by the aeons which have been used lip and 
the mil lions of varieties which have passed away in the production 
of this, the must efficient scientific apparatus yet invented or evolved. 

fi. Bat if it lifts: taken long ages to evolve an animal capable of 
a broader geographical distribution than any other, with a consti¬ 
tution capable of withstanding the widest ranges of heat and cold, 
end of peopling the world from its tropical deserts to it* polar 
wastes; ami to endow' him with a brain by virtue of which be has 
made himself master of the earth and all its living inhabitants; it 
lias taken no Ie«s time for the evolution of the many factors without 
which Ids present tuicoc*-; would have Ijcch impossible. To pick out 
a single instance, probably few things in the whole story of life have 
been more fruitful in effect than the appearance of the grasses in late 
Eocene limes, followed by their rapid evolution and spread in tlic 
Oligoccne and under the direction of the critical events of the 
Miocene period. Sturkie Gardner, in on admirable paper, first 
drew attention to the vital importance to the animal evolution of 
ihe world in general, and to the welfare of man in particular, of this 
step forward. It was followed by great changes in the insect world, 
hv the rapid production of herbivorous mammals endowed with 
speed, great migratory powers, special dental and other anatomical 
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adjustment tu this new fond*, nmi the institution in their herds of a 
discipline, subordination, anil leadership which arc almost tribal. 
These last qualities were rendered doubly necessary by the consequent 
rapid development of carnivora, and the need for scrapping passive 
ii mi even active moans of defense in order to secure the power* specs I, 
Hful reserve necessary to follow' their food harvests over great 
stretches of country: At the same time the habits and instincts thus 
brought about were those which uiqiv, by domestication, has been able 
tci turn to his ow n ends. Thus ai n blow, as the outcome of this stage 
of Tertiary evolution, iberc became Available F |3 r mankind not only 
hU chief plaint food and drink, his luxuries m well as his necessaries, 
but his chief animal foods, together with his slid from the speed, 
strength, service, and endurance of the animals which he domestic 
catnd, and to which he assumed the position of lender of the herd, 

Bui while with the aid just described it was possible for mankind 
fo progress far on the road of cm ligation t progress would have been 
stopped, and as a matter of fact was seriously retarded, until the 
discovery and utilization of the solar energy stored up in the earth's 
crust during the Carhoniferoas and subsequent Periods in the form 
nf mn 1 and other fossil fuels. The very exceptional conditions, rli- 
matal, geographical, and Iwtunical, requisite for coal formation, oc¬ 
curred nil too seldom in gcologjnd history T hut it has so happened 
i fuiE few areas of the earth ore devoid of coal belonging to one Period 
nr another; and the shaping of kingdoms and dominions has Ijeen 
such as to include supplier of fuel in most of them. 

Whatever may tw the main sources of energy in the future, radiant, 
intmtrilttm, hydnwluv tidal, atomic* we have been largely depend¬ 
ent in the past, and probably shall continue to depend for many 
years to come, on that port ion of the .solar energy stored up by 
vegetation, and especially on that preserved in the earth crust in 
the form of coal, 

But again civilization must have bmi greatly hampered or driven 
into a different course but for the agencies which have sorted out 
from ihe medley of materials of which the earth is cut] a posed, simple 
compounds or aggregates of compounds, or in rarer cases simple 
elements, in such n form that they are available for human use 
without the expenditure on them of excessive quantities of energy, 
ihe concentration of metalliferous ores* sulirms and the host of 
til her mineral resources has made perhaps the most important con¬ 
tribution of all to the latest .stage — in good and evil — attained by 
civilization* 

Finally, doubt may lie expressed whether man could have attained 
hts presen I position if he had not made Ids appearance compara- 
lively soon after a period of intense earth activity, when broad areas 
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of newly raisei l sediment were available for occupation, when I lie 
agents of denudation and renewal were in vigorous operation, and 
when a wave of rapid organic evolution was active- And a con¬ 
jecture rimy bo permitted that human evolution itself was probably 
hastened by the latest climatal severity through which the earth 
passed, the effects of which are only slowly passing away, 

Much of what has just tjeen said may revive recollection of an 
oM Swiss guide book which praised the beneficence of Providence 
in directing the dreaded avalanches k4 into the desolate and unin¬ 
habited valley of the Trim lie ten Thai and in sheltering from them 
the beautiful, fertile, and inhabited valley of Lnuterbrimiien*” 
However- it is far from my intention to imply that “ everything is 
for the best in this best of nil possible worlds, 14 but only to point 
cut in reviewing the long chain of events of which we see the 
present end-product in civilised man, that within the ken of the 
geologist, there have been many critical stages in the earth's history 
when any marked change in the conditions which then prevailed 
must inevitably have rrarled profoundly upon the development of 
the human race when at long Iasi it stepped out from the lower 
ranks to take the earth as its rightful possession. 

CONCLUSION 

A review of the history and present position of geology shows 
that its bettor-known services to mankind have been in relation to 
the foundations on which industrial development and modern civili¬ 
zation have been built—the mineral resources of the earth* These 
arc many and various, all of them explored by geological methods* 
In every application of them we ore again brought back to the 
primal essentials—water, iron, and fuel—and it is in the discovery 
and exploitation of these that the services of geology have been of 
especial value. 

But in the course of the development of both the economic and 
the scientific sides of geology (lie principles discovered and elabo¬ 
rated have fertilized and enriched 3 mm an thought as expressed, 
not only in other sciences bill also in the sphere *pf literature. As 
it has become more precise and is able to give n more accurate and 
detailed picture of the stages through which I hi 1 earth passed dur¬ 
ing the long story unfolded by I he study of the stratified rocks, it 
has shown that the earth, though only a minute fraction of the 
visible universe, has had u wonderful and individual history of its 
own. The key note of this history is evolution, the dream of phi¬ 
losophers from tlit- earliest times, now passed from the realm of 
hypothesis into that of established theory. 
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Wn ure nblo to watch the evolution of the oceans and eontincntej 
of the distribution of landscape and climated, and of the long 
succession of living beings on the earth, throughout many millions 
of years. During those ages we see the action of the same chemical 
and physical laws as are now in operation, modified perhaps in 
scale or scape, producing geographical and biological results com¬ 
parable with those of to-day. Hutton and Lyell discovered for 
us in the present ti key to unlock the secrets of the past: the history 
thus it?voided illuminates and explains many of the phenomena of 
the present. 

And the outcome of il all is to endow man with a simple and 
worthy conception of the story of creation, and to fill him with 
reverence for the wondrous scheme which, unrolling through the 
ages, without haste, without rest, has prepared the world for man’s 
dominion and made him fit and able to occupy it, 

I desire to express my thanks to Mr, G> W, L&ntpliigh* Professor 
K. W. MueBride* Professor W* G. Fearnskles, and Mr. (t. S. Sweet¬ 
ing for kind assistance in the preparation of this address. 
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The subject on which I have the honor to address you this evening 
is intimately connected with phenomena in which mankind has 
taken a very deep interest from time immemorial. 

It ia not my intention to deal with the antiquity of alcoholic 
fermentation, except just to sly tbit references to the use of fer¬ 
mented beverages by ancient peoples, such as tire Chinese and Egyp¬ 
tians, chiefly in connection with religious and ceremonial observances, 
appear to date back more than 4,000 years, and in the Vedie Ikjoks— 
the oldest literary monuments of the Indo-European race*:—there 
are many references to intoxicating beverages. 

The word ^fermentation^ from fervere f to boil or seethe, was 
at first applied to all cases of chemical change whose cause was 
unknown, and which were accompanied by the formation of large 
quantities of gas* giving the liquid the appearance of boiling or 
seething. In its widest sense the word Is null occasionally applied 
to a number of chemical processes in which micro-organisms are 
the active agent*. such, for example, as the souring of milk, the 
conversion of alcohol into vinegar, the production of butyric arid* 
and similar processes. In its restricted sense, however, and in the 
sense in which I shall use it this evening, it is applied to the con¬ 
version of sugar into (mainly) alcohol and carbon dioxide gas by 
means of the organism known as yeast. 

The subject of ferment us ion is capable of rough division into 
two part> “namely, the phenomenon, that h to suy, the process, and 
the origin or cause of that phenomenon—yeast. 

With fermentation regarded as a chemical process I do not 
propose to deal, beyond referring very briefly to a few of the curlier 
attempts made to explain an occurrence which was c hum etc rifted 
by so much that was mysterious. The word ^fermentation n is 
very frequently met with in writings of the alchemists from the 
thirteenth to the fiftenth centuries, but it is applied to a consider¬ 
able number of chemical processes of all descriptions, and the ideas 

1 Addmu fit tin- FtffiUltat tJ^ tti* ItoiJLl MliTu^(. , ,>[ili-iiL Mad Jan. 21 r 2&2S f 
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of the writers were vague and confused in the extreme. Perliape 
the fust philosophical explanations put forward were those of the 
German phUosopher, Stahl (1900-1734) and of the English physi¬ 
cian, Thomas Willis, who described himself as tfc of Chris* Church 
in Usrfonl t and Sid ley l^ofessor of Natural Philosophy in that 
famous University.” According to their view, fermentation is 
considered to Im? an induced action—that is to say, the ferment is 
a body endowed with a particular molecular motion + which motion 
is, by induction, communicated to other laidies with which it rnay 
Im in contact, thus bringing about their decomposition. Thus, 
Willis in his tract, w De Fermentutione M (1890), says- ^Fermenta¬ 
tion is the internal motion oi particles, or of the principles of a 
body, either (ending to Lise perfection of the suras body, or its change 
into another. * * * Thera arc many methods by which fermen¬ 

tation may tic induced* The first, the chief one, if the adding of 
a certain ferment to the body to be fermented, the particles of which 
being first placed in vigour and motion, may arouse the other slug¬ 
gish and idle particles in the mass that is to be fermented, and may 
drive them into motion. * * * lly this means Barm or Vest, 
beaten eggs and such like, stir up a fermentation almost in every¬ 
thing/’ But in spite of the clearness of these statements, Willis, 
like the other philosophers of his time, included putrefaction, (he 
formation of minerals in Lhc earth, and a vast number of other 
natural phenomena under the general lenu fermentation.” 

The next import an I attempt to explain the nature of fcrinenta 
lion was made in lftlD, when the great German chemist, Liebig, 
put forward a theory which was jl modification of that of Stahl 
and Willis. Liebig asserted that nitrogenous matter on oxidation 
underwent a change which dele mimed the breaking up of the 
molecules of fermentable matter in contact with it, and laid con¬ 
siderable emphasis on the importance of the presence of oxvgen. 
This theory of contact decomposition as the result of molecular 
vibration held the field for inure than 30 years, but during the 
hitter part of Lis life i( was vigorously attacked by Pasteur, who 
was then engaged upon his epoch-making biochemical researches. 
The controversy was tt long and vigorous one, and In the end 
Liebig modified his original views to the extent of admitting that 
the fermentation jmnc*>s was in some way connected with the life 
activity of the organism producing it, hut he adhered so far to his 
earlier view as to hold that this life activity was not in itself the 
exciting cause, but was only necessary for the formation of some 
protein like substance which actually brought about the deenm- 
position. 1 liis theory, which was put forward shortly before his 
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Jeuth in 1873, is of special inter**! in connection with tlio view 
which is now utuveWaUj iteUl os the result of comparatively recent 

observations. , 

T will now turn to a discussion of the nature of the investigations 
w Uieh have led up to our know ledge of the character and life history 
of the etching cause of fermentation—that is to say, of the yeast 
organism—and for this purpose it will be necessary for me to take 
you hack nearly 200 years from Liebig’s day. Although the phe¬ 
nomena of fermentation hud been a mailer of common observation 
for many centuries, it is obvious that no successful attempt could 
1 1 uve b«en made to arrive at a knowledge of the originating cause 
until the microscope had liesn sufficiently developed for the purpose. 
The first examination of veost itself of which we have any record 
Wfl* mode by the great Dutch microscopist, [sjeuwenhnek, in 16SU. 

At this stage, and before dealing with the actual results of 
Leeuwenhoek^ observations, it may be of interest to some members 
of the society if 1 refer in some little detail to the instruments 
employed by one wlio may justly be regarded as tine of the greatest 
microscopies of ail times. The following description by Martin 
l<’olkes, published in the Philosophical Transactions of the Boyal 
Societv in the year 17B3, contains much tliat is historically of gi'Oat 
interest, tmd something that may not bo well known to all who are 
present this evening, 

Mr. Koikes says: 

It Is now above ilfty years jIm the I»t« Mr. Lseawenlock Arm l».-t'uu his 
cortespondriwo with the Royal Satiety, when be wns ris.aiMiiended by Dr 
llegiurnH do Orauf us u person □ trendy eonsii tern bits by Iks microscopical dk 
i-ovorlcs made with glasses contrived by hlnuM-lf, ami excelling oven those at 
ihe (taions EustarhW Dlvtnl, no much talk'd or in the learned world; ami us 
he hits aver f^iuw that Owe opply'd lkmwlt with ihv greatest dUlpem* uaJ 
HueccHH to the saiue sori of observations, nu doubt van las made of the tscel- 
Ie□ cy of tlmsc Instruments tie so Mug n»*U so muub Improv'd, auk upon (he 
fnlHst esperlm.ee so at ten corniuemfcd In Ms letters; great run of which at 
his decetisi- Id- thought lit to bequeath to this society, far wham lie ever cs- 
the greatest M*om nud respect. Ha had indeed Iniiniitt.-d this detign 
in several «f Ids letters, nnd in bis Inst will mil teuntneut gave orders tlmi 
the glasses slmuld I* deliver'd as soon as conTculently might he after bis 
decease' which was aecurdlntfly duim by tin- directtlotiw of his surviving 
iluuehUr Mrs Marla van Leeuwenhoek, to whose great care we are at.llgk 
for the sate nod speedy delivery of HUs very curious and valuable present- 

The Ic ney widata ..f a small Indian lalknut, In the drawers of which arc 
Ihlrtufii little lioiw or ruses, each -’■lUtatnlns two mIcroscoj.es handsomely fitted 
„„ |„ hUvct all which, nat only the glnsses but also the npuaratu* for manag¬ 
ing of them, were made with his own hands- betides which they wen, to have 
Leon nut lit order In the cabinet hy himself as hi- design'd them in be pro* tinted 
u, the Royal Satiety. «icb ml* m-cui>c having had an object placed before It. 
and th- whole being ureompan^d with a retfater of the surnc In Iks own hand 
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writing us Iwliur rtifslmoa the gijnUaneu uf ibe w*-l@ty Hhnnltl without ti-tmliti- 1 
In- i'nohliHl to riimiUw win if <>1 iLi.w objects nn wluteli he bud rutitlt ttio iw>nt 

considerable li lsi-4 ivrrtab 

So vend of these object# yet remain Imfore sIlk- microscope*, lki* m iho greater 
timnbor nte broken oft. which was probcthly dime by the shaking of Elio liosori 
j n tho eiirrttp?- I Have iwwrthrtcam added a tmuNbitton uf the register, as It 
ma y jtprw to give rt jiixtar Idea of what Mr. LctfUW'etJbooK s hy tliM 
legacy; and also lit of n*% by patting imy curious observer In vlwl of « 
number of mlMMc uuhjectB that may In n i*artleubir numiie* deserve bin 
attention- 

•Dm follows u list of ihp objects, which may w>n reiiicntly be 
omitted, 

Fipr the coufttrucUon of Instruments it la Ihe same in them all, ami 

the npparains Ik vivy simple tmd convenient I they eve nil icItiRle njlrroscopos 
consisting siitb -if ii very small double convex rIok. 4 lot Into n socket between 
I wo silver plates rtvetM together end pierc'd wUh u smoll hole; the object 
if, pta**! on El silver pcd*t or nc*silo T which by mentis of screws of tho same 
metnl provided for that ptupoft?. may be turn'll about, rais'd, or <lepre-H(t, and 
brought usurer or put farther from the gins*. ns the eye of tho obaerver, the 
mi lure af the abject „ and the convenient examination of Us several parte may 
require, 

Mr. lnfieuweuMak Ug a a hi a object* if they were wM to this silver point 
with (flew; and when they were fluid or of aucli a nature ms ml to be com- 
ioadlumitx view’d uutas spread upon gla*s, ho flrst fitted them on a little 
pin (u of in Ik, or exet^dvcly thin blown glass, which Ijl- aftenvanls alewdl to the 
needle In Ehr same manner m hbt other objects. 

The observntlnti hadi^-d of the HreuLntlou of «Im j blood, mid soiim olkera, 
require ft somewhat different apparatus, a ad such n utie he hint to which he 
.■...‘cnshMin! ly flsM tho same nUm^-opes : but ns It uxftkea no pari of this cabinet, 
I jdiull omit giving any farther m-et-mut of It. only raking milieu tlmt Ie mny 
be k^iji in a inter ft* Ibe H-iyal Society c«f Ihe 12±h of January. UWii. r>nit 
printed hi hla Amina naturae DcU cEie, N*>. ra>, Edl l wns willing to mem Uni 
Just mui'tL -i - Jj may serve ly nheiv the nnivenuit use nf these mk-ro^ropes. 
nnd ns St Indm es me* immnu oeIut tiihics, to W-llove, these were Ihe klmt 
of inlen^^^HLH generally + If ml s-dely, usM liy this I'tirioiL* ^ontlomtm lit all 
htB olTsprvittior^H nud t<> which we are oblig'd for Ids mo-;t RurprL^ni; disenr- 
erl«L 

Another tkirtlculnr lu tko m purpose T t would not omii + and that i^i, that 
upon the lab- qaeeu MnryV ibteg Mr. I^euwenlmek the honour of a vt^lt at 
Delft, and virwtnc lslw cuHnsitie* with j^rent sunsfMeMmi, he proscTiletl her 
with a couple of bis microscopes, which tis I have been tnfyrm + d by one who 
had them a considerable Hidq in hlx hamN were of tlap same sort ns these, 
and did u»£ any ways differ from one of thE> IS <;jses eorttnlnd In Ihe drawers 
of this rahinel* 

The Elnara nil execcdlupty clear, and shew the ohjccl very brleht nnd 
dLaliuct, which outwit he oivlug; to she areal care this ^outlewinn took hi the 
choice of his ^hiss, lits cinetness In giving It the true figure: nml after wants 
among*! many, reservlnK uni'll only f»r his unn* n as be u]ion try at fousid to Ire 
moat exralleut. Their powers of magnify lug are dlffereati, as different soteh 
of obji^-is may require; and, as iSjc one hand, Itelng all gtenml yhissn*, 
none of theta ft re so small, ami com^quently magnify ro so great a degree, n* 
pome of thoce dfot^ frequently tisVl Iri other nilerosriipes: yet on. tho other, the 
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distinctness nf Ihew vtrv much cJittfH'd* whal 1 lanve met wltli In Hit* glasses 
uf that iwrt; anil this wn$ who! Mr. Leeuwenhoek over principally propos'd 
to himself. rejecting All those defcrc** of miigiil Tying iu which bo ®iiM not 
well obtain Hint end; for he fnfnrnm iis In one of bis lelter.-s where he U 
hpcnklag nf i lic^ excessive pro lift? snnte she to their glasses on tlilH necounl, 
ihot aLLbrnigh be bail forty bod glimse* by him of im eslroor 

ilLnary Knmllne^. bo hud mode but very Utile use of thorn; ns halving found 
in u tong rtrarec of experience* Lhul I he ment considerable discoveries » to 
be ninth* wiih sack floBsra A* iimgalfylng but moderately* esbiblitHl tin* object 
with the most perfect hrlglitracH and dlBtliwUnth 

But however excellent thewe fifiuaes may b* Judg'd, Mr* LeeiiwtiiliDCk’s din 
ooverlus are? not entirely to be ItnplUcd to tlielr goodness only: bio own great 
judgment and experience In the manner of using tliotEi, logether with the 
Ettutluual application be pn to that bmdinm and the Indefatigable Industry 
with whlih he contemplated often ami long ujwu the same subject vtewing li 
under many and different circumstance^ cannot font haw enabled him to 
form l teller judgments of the nature of his objects, and see farther Into their 
constitution, Hunt it can tw Imagined amy other i»rscn cam do, thin neither 
bus the esiarleuoth nwr has taken the \mlm ihb curious author had bo 
long dune, 

Kor ought we to forget u piece of *1011* An which be very particularly 
cieell d, which was that of preparing bis objects In the l^ost numuer to be 
view’d by the microscope; nod of this 1 am persuaded any mw will be ait lulled, 
who sluth apply hlimself to the eiaminatlon of some of the same objects us do 
yet remain before these gins***; at least. I have my self found m much 
difficulty in tbio mirtlcular, ns to observe n very sensible difference between 
the appearances of the same object*, when nrpty'd by my self, and when 
prepared by Sir. beenweuhoek. though view’d with of the very same 

goodncao. 

I have tins rather insisted upon tld*, as It may bo a caution to us, that we 
do not rashly condemn ony of lids geiitlcman'H observations. though even with 
his own gtai^oM we should not immediately be able ta verify thorn our selves. 
Wo arc under very gu-nt dl&advnutnpL^s for want of the evpcrk-jnee he bad. 
and he has blmself put us In mind facie than once* that thaw wlm are the 
tart skill'd In the use of mfignifylog-glloyMB may be misled. If I hey glv« too 
sudden a Judgment upon what they ^h% or p lill they Jmve been assured from 
repeated experiments. lint we have seen so nmny r and those of Ids most 
™rprtring discover^, so perfectly eonflmfd by great numbers of the most 
i-artons and judicious observers, that there own surely be no reason to did rust 
his accuracy in those other** which have not yet been an frequently or carefully 
examin'd. 

Upon ttn L whole, h in to U* M*>d some at the society Will pursue those 
enquiries the Me innse^or of these microscopes was so deservedly fnmou* for; 
ami that ns we have Ids* In Mr. Uwuwonboek n nj^t worthy member and a 
mmt valuable correspondent, this Last piece of his respect to tbe Euynl Sndcty 
will not only enrich war repwtitory bat both encourage and unable some other 
diligent observer to prosecute the same curious and useful discoveries. 

Unhappily tlie micrasoopea bequeathed to the Royal Society by 
I,ceuwenhoek have tefl^ed to enrich its repository, since, when the 
society removed to its present habitation, the miscroscopes disap¬ 
peared in a very mysterious manner, und their whereabouts—if 
indeed they wtill P3ii«l—has not la?en traced, even to the present day. 
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Tint the Royal Society were appreciative of Leeuwenhoek 1 ^ great 
services to is shown by the fact that ifi lGifl a certain Mr + 

Hunt was H instructed to prepare a silver box for the diploma to be 
sent to Mr. Tjceuwenhoek.” 

In ll >80 L& 0 uwetihi>ck addressed to the Royal Society a ooramtim- 
cation headed w Pc Fermento (Jerevhiae,** in which lie announced 
thal he had discovered that yeast consisted of small ovoid globules. 
Of these, which lie appeared to regard as consisting chiefly of hatches 
of six, he gives several excellent drawings. When we remember 
the nature of the magnifying apparatus with which ho had to work, 
and that the average diameter of Lhe yeast-edl is only millimeter 
j d . inrh) T it will, I think, be realised that Leeuwenhoek had 
accomplished a very remarkable feat. He did not, however, push 
the discovery any further, and in this position, curiously enough, 
the matter remained for more than a century. 

In the year 1814 Kieser, in the course of a paper by Hobcrciner, 
described yeast as consisting of small spherical corpuscles, but this 
statement does not appear to have attracted attention, mid about the 
your 1&&7 the microscopical character of yeast was again made the 
subject of investigation, and Lhe true nature of llie yeast organism 
w as detudldy and independently discovered by three observers, Cag- 
niartl dc Latour, Schwann, and Kiitzing. These observers recognised 
that yeast is composed of a vast number of small Irunspotent glob¬ 
ules which reproduce by budding and which consist of a cell wall 
with granular contents. A year or two later Schwann appears also 
to have observed the format ion of ascospores. These observers, and 
Cagniard de Latour in especial, put forward the view that it was 
owing to the vegetal ion of these cells that the disengagement oi car¬ 
bon dioxide gas and Lhe formation of alcohol were due. The re¬ 
searches of these observers having shown that yeast consisted of a 
lowly vegetable organism, capable of reproducing by budding, the 
question urose, liow was yeast originally formed, and uround this 
subject, as is well known, a fierce scientific controversy raged* the 
Heterogeneaists + on tin? one Immls upholding the doctrine of sponta¬ 
neous generation* and the Biogcnesiste, on the other hand, asserting 
that alI life must lie derived from preexisting life* With this aspect 
of the matter, and with thin controversy l do not propose on this 
occasion to deal, and it will suffice per haps to say that the rigid 
experiments of Pasteur succeeded in proving to the satisfaction of 
practically the whole scientific world that every yeast cell was de¬ 
rived from a preexisting cell of the same kind, and that the doc¬ 
trine of spontaneous generation was not baaed upon any foundation 
of facL 
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The mierosco|w having definitely shown yeast to consist of minute 
living cells—that is to say, «f a living organism—it became of high 
interest and iuijx>rtanee to study its life history, and to ascertain 
wlmt connection, if any, there was between the vital functions of the 
organism and the phenomena of fermentation. It was very quickly 
recognized that yeast usually reproduced hy budding, hut in 183» 
Schwann appeal* to have observed f® the first time that it was also 
capable of reproducing by the formation of aseospores. 

About the year 1850 Pasteur commenced his epoch-making re¬ 
searches on fermentation, and brought to U*ar on the subject, that 
experimental skill and wonderful energy which were characteristic 
of all Ilia work. To deal with this in any detail would be impossible 
within the limits assigned to a presidential address, and would, more¬ 
over, take me outside the scope of my subject. It will, however, 
suffice for my purpose if 1 point out that to Pasteur belongs tin: 
honor of having definitely enunciated a physiological theory of fer¬ 
mentation—that is to say, a theory which associated the form at Lou of 
the various fermentation products directly with the life activity of 
the yeast organism. It is true that in some important respects his 
views have had to undergo modification as the result of more recent 
work, but the essential fact still remains that the production of 
alcohol and cur bon dioxide during the process of fermentation is 
indirectly the result of the life activity of the yeast cell. 

In 1S97 Buchner made the very important and interesting obser¬ 
vation that the liquid con ten to of the yeast cell, when added to a 
fermentable liquid, are able to excite fermentation without the 
presence of any cells at all. He allowed that the production of 
alcohol and carbon dioxide were the result of the activity of an 
enzyme secreted by the cell, to which he gave the name zymase. 
As in the ease of other enzymes, zymase is very sensitive to external 
conditions, and is also highly selective in respect of its chemical 
activities. Thus, so far as is known, the hexosffl alone, and of these, 
only four {d-glueose, d-mannose, d-galactose, and d-frucAqaa) are 
directly fermentable: and before the ferments lion of other sugars, 
such as maltose ami tune sugar, can lake place, it is necessary that 
they should be converted into one or other of these hexoses. This 
is, in all cases, effected by enzymes which are secreted by the yeast, 
and it is very interesting to note that certain yeasts, while secreting 
inverta.se, and therefore capable of fermenting cane sugar, do not 
secrete maltose, and are therefore incapable of fermenting maltose. 
Then again, there are a few yeasts which. In addition to secreting 
invertase and maltose, secrete lactase, and are therefore capable of 
fermenting milk sugar. Every yeast cell ifi, in fact, a minute 
laboratory in which chemical changes of the utmost com pl e xi ty are 
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brought about with apparently the greatest ease, and where processes 
of building up and breaking down are carried out in a manner of 
which ev en to-day we have but very little conception. 

We will now turn for a moment to the r-onsUlcmtmn of yeast as 
a living organism. 

The yeasts, as is well known, Wtong to the great family of the 
fungi, and may be described as unicellular fungi, reproducing by 
budding, and capable also of forming nscaepores. Thb latter funr- 
timi is of importance from the point of view of classification, as 
it serves to differentiate between what arc regarded us the true 
ycasts and certain other closely allied organisms, such ns the turului 
and myciodertna. In the common process of budding, the bud, which 
occurs first as a small protuberance on the surface of the cell, quickly 
increases in size until it has attained roughly the dimensions of the 
parent cell, after which it usually becomes detached, lending a sepa¬ 
rate existence, and reproducing in turn by the same process. It 
often happens that before the offspring cell has separated from the 
parent cell it h&S itself commenced to bud, and so chains Or dusters 
of connected cells may frequently be seen. 

In the second mode of rcpnidLir[.mii to which reference is made 
above, the yeast cell becomes changed into an use, in which are 
formed a number of fijiores which may vary from one tu as many as 
twelve, but is usually from two to four. The conditions which favor 
this mode of reproduction are the employment of young and vigorous 
cells, a moist surface* plenty of air. and a suitable temperature, usii- 
ally about S5 fr C. Tnder these coiidttions, and at the end of about 
04 liuuni, certain changes w ill be seen to be taking place in the pro¬ 
toplasm it contents of many of the evils, especially the more vigor¬ 
ous ones. The protoplasm becomes at first very granular, and then 
signs of segregation become visible, tlu j timtauta of the cell separat¬ 
ing into a ntimber of ill-defined portions, usually from 2 to 4. but in 
some species as many as H or 12. A little later each of these segre¬ 
gated portions of highly granular protoplasm becomes invested with 
a membrane, and it cam then be seen that tlie cell contains a number 
of well-defined spores. During the formation and development ot 
the spores the parent cell often swells considerably am] in the end 
bursts, liberating the spores, each of which constitutes an individual 
yeast cell, and is capable of reproducing in the ordinary way by 
budding. It may be added licit the line between budding and asco- 
spore formation is not vary sharp, and that it often happens that 
budding and sjwindntion may be taking place simultaneously. As n 
general rule the spores arc spherical* but in some of the yeasls they 
have very characteristic forms. It would seem that spore formation 


lllJfi YKAST6 —CHAPMAN 


305 


\$ u provision on the |j*rt of nature for securing the persistence of 
tlip under conditions in which active budding is impossible* 

It appears, ait any rate, to play an important part in the hibernation 
of yeasts, rendering it possible for them to live through the winter 
in the soil, or on surfaces from which very little nutriment can be 
extracted. 

In addition to reproducing by budding and by ascoepore forma¬ 
tion, yeasts are capable of repj’odudng by still a third method, 
namely, that of true conjugation. In these yeasts, constituting the 
genus Ztffjmarehwm*wM*> certain of the cells form, instead of ordi¬ 
nary huds, long beak-I ike processes- IV hen the u beaks of two ad¬ 
jacent cells touch one another a union takes place, the tips of the 
w beaks !? disappear, and a tubular connection is established between 
the two cells, one or both of which then proceed to produce o&oo- 
spores. Of these conjugating y caste a number of different species 
have been described, and this sexual process in one form or another 
appears to l*e much more common than. was until recently supposed. 

Finall v, there is a group of organisms* usually included among 
the SwcfaiTomye&le^ which are capable of reproducing by the pro¬ 
cess of fission. In these so-called Schiiowiechaiomt/retes the fission 
of the cell, often accompanied by conjugation, is preceded by the 
formation of a septum, which at once commences to divide into 
two lamella: 1 . Budding does not occur, but the cel Is form spores, 
usually from two to eight. It wdl be seen, therefore, that in the 
great family of the yeasts many types of reproduction are exhib¬ 
ited— front true conjugal ion (heterogamic and isogamic) in the case 
of some, through isogamic conjugation of ascospores for rued in the 
.sailic ttCy in others, to complete parthenogenesis, as in the ease of 
many of the bid ter known cultivated yeasts. The industrial yeasts, 
which appear to Ihj entirely asexual, may perhaps Ijc regarded as 
retrograde forms descended from higher Lyjjes in which sexuality 
was quite clearly marked. On this point I do not consider myself 
qualified to express an opinion. 

As may well be supposed* in the case of a group of organisms 
which* although presenting aome very important differences* arc 
ycl so closely allied, and in which there arc very many transitional 
forms, a great deal of confusion exists in respect of their classifica¬ 
tion. The system at present generally adopted is one based upon 
(hat suggested by Hansen in 1004, hut it is cufitomary to include 
the &cM£owrck{irQrtii/£€tf?*( which lie excluded, and there hag been* of 
course, a nutiu r iil tendency to include a number of subdu Lsion^, 1 he 
great family of the SawAarvmifGet** is capable of being subdivided 
into 7 i number of groups or genera* each of which in turn includes a 
number of species, considerably more than 100 of ^ hich have been 
described* 
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I will not attempt to deal with t lie^e various genera in any detail, 
but it m*T be of interest just to give some indication of the gen¬ 
eral nature of the principles underlying one of the systems of classi¬ 
fication* which differs, however, in some respects from that of Hansen, 
According to ibis, yeasts may be divided into iive main groups. The 
first group includes the Schhomcchtro m ym tes 7 characterized as I 
have indicated alwive by their method of reproducing by transverse 
division. The uses often result from isogainic eon)ligation, ami as a 
rule fro us four to eight ascos pores are formed. 

This second group, or Zyffosaechar&niycste** consists of yeasts in 
which conjligation of a more or less well-marked character is con¬ 
nected with the formation of the use. This may, perhaps, b« a very 
primitive group, and one from which, possibly, the parthenogenic 
yeasts have been in process of time derived. This group has been 
divided into a number of genera, depending on the precise character 
of the conjugation process. 

The third group comprises all those yousts which reproduce 
mainly by budding, and in which the formation of the asc is not, 
■mo fur as is known, preceded by any process of conjugation* This 
group, which has been subdivided into several genera, comprises the 
true Soticharamya te *—that h to say, the alcohol-producing yeanta 
of industry. 

The fourth group, which includes the genera Pit hi a and Willia, 
comprises yeasts which do not exhibit any trace of sexuality* and 
which usually develop in the form of a film or skin upon the 
surface of the Liquids in which they happen to he grow dug. These 
organisms do not. us a rule, produce any appreciable quantity of 
alcohol, hut some of them give rise to the production of fruity 
ethers. Finally, there is a fifth group, including two or three 
genera, consisting of organisms whose connection w’ith the Saceha- 
r&myceta r is somewhat doubtful* 

From what I have said it will have been gathered that the 
divirion of the yeasts into a n timber of more or less wolbdefined 
genera has been based almost entirely upon differences in their 
morphological and physiological characters. For the further dif¬ 
ferentiation into species it was found necessary* in many cases, to 
adopt other methods of investigation, such as the behavior of the 
yeasts toward certain selected curbohydrates, and observations on 
the optimum conditions required For the formation of ascosporos 
and of films. 

With regard to the first point, on which I have already touched, 
it has, for example, been found passible to subdivide the genus 
Saccharomyce* —which is included in the third of the main groups 
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to which I have referred above—into five subgroups, each of which 
again is capable of subdivision into n considerable number of well • 
defined spi les- 

Willi regard to film formation, this again is a character of 
considerable importance in connection with the differentiation of 
species. As I have indicated, certain of the yeasts — especially 
those included in the fourth of the main groups above referred to — 
grow normally on the surface of nutrient liquids, forming dry 
greasy films, and producing, as it rule, little or no alcohol. It is 
not, "however, of such films us these that 1 am now speaking. 
Although the true Soeeharomycete* do not readily exhibit the 
phenomenon of film formation, yet under proper conditions this 
is capable of being brought about. In order to obtain films, the 
culture, in wort for example, must he allowed to remain at rest 
for a considerable time with an abundance of uir. and at warm 
room temperatures. Under these circumstances small specks of 
yeast will generally appear on the surface of the liquid some con¬ 
siderable time after the actual fermentation has come to an end. 
These gradually coalesce, forming isolated patches of different 
forms and sizes, and, finally, these patches unite to form n con¬ 
tinuous and generally glutinous film which may extend to the walls 
of the vessel. A study of the time and temperature factors involved 
in the formation of these films affords, ns l have indicated, one 
■ iit 1 1 hod of distinguishing between certain yeast species. So far as 
the purely morphological differences are concerned, it was observed 
at a comparatively early period that the yeasts exhibited consid¬ 
erable differences in shape, some being spherical or ovoid, whilst 
others were decidedly ellipsoidal, and others, again, elongated and 
sniisage-shaped. On the other hand, in one and the saute species 
very great differences in shape and size were frequently noticed, 
depending upon the general environment ami growth conditions of 
I he organism. No great advance, therefore, could be made in dif¬ 
ferentiating between tho various species until Hansen, in 187ft, 
devised and explained the technique for obtaining any quantity of 
venst by starting with a single veil. In this way absolutely pure 
cultures could be obtained, and the uncertainty which had previously 
existed was removed. 

Of the very large number of yeast species known, it may be said 
ut once that only a comparatively few are of industrial importance, 
and it is customary to divide the various yeast species for technical 
purposes into the w cultivated and the "wild yeasts, lbe former 
include brewers' and distil lore’ yeast in alt its varieties--that is to 
say. yeast which has from the earliest tunes Ivon used for the pro- 
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duction of alcoholic bsvcngn, and Ims in a sense been cultivated for 
i lie purpose. Tiiis yeast represents, as fnr as is known, one species— 
namely, Swthfiroiuypts ceremsut *—although there are many races 
nigd varieties which differ consider ably in certain respects, ns, fur 
instance, in the rapidity with which they bring about ferment at inn, 
the degree of attenuation which they can effect, and the llavor of 
the finished product. 

The '“wild” yeasts are yeasts which occur wild in nature, fru- 
i|uehiEy. having their habitat on the surfeit* of ripe frails. and often 
finding their way into the brewery. Some of thrse yeasts, such as 
the wine yeasts, are capable of fulfilling useful functions; others 
again are, so far as is known, with nut effect good or bad ; whilst 
others arc industrially pathogenic—that is to say, give rise to prod¬ 
ucts which are unpleasant in respect of flavor or smell or which 
exhibit some other defect, such as pronounced and persistent 
turbidity. 

The importance of these observations in connection with industrial 
fermentation prances may easily In* Imagined. Prior to the isola¬ 
tion stul study of the various yeast species, and to the microscopical 
control to which it naturally led, industrial fermentations were very 
largely a matter of chance. Sometimes the results were good, somc- 
lijnes they were bud. bul none could say precisely why. Now all that 
is changed, and when it is remembered that the industrialist who is 
concerned with any fermentation process is threatened on all sides 
by intruding organisms which may have the effect of reducing his 
yields or spoiling his products, the need for scientific control, and 
for lb<* constant employment "f the microscope will lie evident. 

I now propose to turn for a few minutes to a consideration of the 
cytology, or, if I may be permitted tin* expression, the anatomy of 
the yeast cell. For a groat many yeara after yeast hud been subjected 
to micro.scopirid examination I hero was much uncertainty as to 
whether the roll did or did not ronlnin a true nucleus. Although the 
existence of a nucleus is now well established, there is still some 
doubt as to the precise nature—to say nothing of the functions—of 
rortain of the internal structures which the microscope reveals. 
Hager and 1 on is ton, tiiiilliiarnond, Fiilirriiiuii], Hcnneborg, Mover, 
and others have published important papers dealing with tile cytol- 
ll ^.' evil, and have shown that it possesses a well-defined 

and complex internal structure, 

According to H iiger and Peniston the main vacuole is to bo re¬ 
garded as tin* nude us, and they consider that tiiis is the Structure 
which is chiefly concerned in the promotion of metabolism, whilst 
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tiie deeply staining structure in dose contact with h, and which is 
generally regarded as the nucleus, is to be looked upon as the nucleo¬ 
lus. This is a view in which I have never felt myself able to concur, 
although much, of course, depends on the precise meaning given to 
the words nucleus and jiucfeolu*, respectively. 

In addition to the nucleus with a dearly differentiated structure 
and a nucleolus, the cell contains cytoplasm, a chondrium, metachro- 
matte granules, a nuclear and other vacuoles, and certain threadlike 
structures* Ttic cell wall, about which a good deal of uncertainty 
exists, appears to consist as a ride of ft single me mb rune, and to have 
a complex chemical composition. 

In addition to these demerits, which may be regarded to some 
extent ns structural, there exist in the cytoplasm aecumulntions of 
materials concerned in the nutrition or metabolism of the cell, such, 
fur example, as glycogen and fat. 

hh regard to the functions of these various cell elements it is not 
yet possible tn speak with very great certainty. As in all cells the 
nucleus is the main sent, or rather the directing organ, of the physio- 
logical functions of the eelL It is all important in cellular reproduc¬ 
tion and division; it plays apparently n prominent part in nutrition, 
and doubtless in it reside the properties which ore hereditary, and 
in virtue of which one species may he distinguished from another. 
The chondrium, consisting of two forms of mitochondria, appears to 
lie concerned in processes of nutritional elaboration, and the nuclear 
or main vacuole appears to be largely concerned with metabolic 
processes, and is according to some observers the seat of fermentative 
activity. Tiiis latter function lias, moreover, been observed b> be 
dependent on the amount of met a chromatic granules contained in the 
cell, the larger the amount of metachromfttm (volutin) the greater 
the fermentative activity; and Henneberg has gone so far as to sug¬ 
gest that the metachromatic granules may be the parent substance 
from which the enzyme zymase is derived. Prom this necessarily 
brief and sketchy account of the yeast-cell anatomy it will at least be 
gathered that our knowledge is very imperfect and that wo have 
much to learn, and it may he hoped that some of the expert cytolo- 
gists who are members of our Society may lie induced to turn their 
attention to the elucidation of the subject. There can, I think, be 
very little doubt that the results would lie of important industrial as 
well as of purely biological value. 

The ordinary microscopical examination of cells which have been 
subjected to the drastic processes of fixing and staining obviously 
has its limitations, and modifications of structure, such as must al¬ 
most inevitably be brought about by the above process^, may very 
IWU—m - 21 
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easily give rise to incorrect conclusions in regard to the Internai 
structure uf such a delicate organism as the yeast cell- It vvould al¬ 
most appear? in fact, that we have {nine as far as it is jjossible to go 
in thh direction* and some improved method of investigation wilt 
have to be resorted to if many of rhe questions which are at prc^int 
in doubt are i<i h. satisfactorily solved* It is possible* for instance? 
that a very careful microscopical study of I he unstained cell by means 
of ultra-violet light may be helpful in giving us u letter insight into 
its internal structure? and Mr. Barnard has already carried out some 
interesting experiments of a preliminary character in this direction. 

When one remembers that the whole of a miniature solar system 
i_s comprised within the compass of an atom? it is not. perhaps, alto¬ 
gether fanciful to suppose that the yeast cell — smalt as it ts —may 
have ll much inure highly d veloped internal organization than has 
Ihcen revealed with our present imperfect means of investigation* and 
that there may be more or les.s distinct localization of the different 
functions of the celh In this connection two sets of facts may be 
briefly referred to* 

In the first, place, it is well known that the yeast cell, like other 
living organism * % may be made to perform different fu net sons accord¬ 
ing to the condition* under which it is compelled La carry out its 
activities. Thus, whilst the ordinary Succfuir&mtfce# cerevmw nor¬ 
mal lv decomposes sugar with the production of alcohol and cart ion 
dioxide, and only about't per cent of glycerine, it ha.* been found that 
when the fermentation is conducted in the presence of a considerable 
quantify of sodium sulphite the main products of Hie fermentation 
consist of acetaldehyde and glycerine in roughly equal molecular 
proportions, and that instead of the normal 3 per cent os much ns 30 
pci- cent of glycerine can be produced. In other words, it would 
appear that the well-known iquatiun representing ferments tlon, 
viz: 

C*H*A = 3CAO + 2CG* 

alcohol 

has* when the process is carried out in the presence of sulphite, to 
be written in the following very different and unfamiliar form, 

C e H 11 O t =CH 4 COH+CO 3 +0 i H i O s 

a wta Ideh yd e glycer i n o 

In the next place, it is of considerable interest to note that the 
behavisir of the enzymes within the cell appears to differ materially 
from that of the same enzyme* in the expressed juice. Thus, the 
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acceleration of fermentation by the addition of oktdiydes i s much 
greater in the impressed yeast juice than in the case of the living cell, 
and there are other respects in which the actions procmJing in the 
juice differ from those occurring within the cell* This seems to 
suggest that tins mechanism of fermentation is in some nay directly 
connected with the organized structure of the cell. In the living 
cell, again, the velocity of fermentation is much greater than in 
the expressed juice* and it would seem that in its natural surround¬ 
ings within the cell zymase is free to act without the disturbing 
influences which probably exist in the expressed juice where all the 
cell contents are mingled, and some substances may well interfere 
with the activity of others. 

Cramer (PrOc* Roy. Soc*, 1915 ? 88, R, 584} has dealt with this 
important and interesting point, and has shown that the most 
striking difference between the action of enzymes within the living 
cells and their action after extraction is the extreme sensitiveness 
with which, m the former cose* they respond to very slight changes 
in the aurrou ruling medium, being sometimes retarded, sometimes 
accelerated, and sometimes reversed. According to Cramer surface 
tension would u [»|>L-Et r to be an important factor, such surface tension 
being operative, for example, at the periphery of the cell and nt 
the boundaries of the nucleus, vacuoles, granules, colloidal aggre¬ 
gates, etc. Thus I he conditions for enzyme action may be very dif¬ 
ferent in one part of the cells from those occurring in another part. 
Under the influence of very slight changes in external conditions 
there may, for example, take place within the cell a movement of 
the cytoplasm, or changes in the concentration of the cell constituents 
which, by altering the Surface tension at different parts, may al¬ 
together change the conditions for enzymic action. Even assuming 
Cromer’s explanation io be correct, it still means that the great 
variations in the physiological and chemical activities of the cell 
are dependent on internal structure, and it is to this problem that 
future research may usefully be directed. Any great increase in 
our knowledge of this subject might prove to be of the highest im¬ 
portance, not merely in regard to industrial operations, but u> af¬ 
fording a deeper Insight than we yet possess into the true character 
of the vital activities of the living cell. It may Ite hoped that our 
society, which has done so much to direct and foster the study of 
microscopical science, may ligurc prominently in connection with 
an investigation,, the results of which might well prove lo be of 
fundamental importance. In the living cell we have, in fact, a 
chemical laboratory of the highest efficiency, ami of the most re- 
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markable character; and could we but understand and imitate nrti- 
fia&Uy the processes of building up and breaking do™ which are 
so quietly and so regularly occurring in a single cell of yeast, wo 
should be not only within mensurable distance of a new organic 
chemistry, but also we should be appreciably nearer to an under¬ 
standing of thnt greatest of all problems, the nature of life. 


TROPICAL CYCLONES AND THE DISPERSAL OF LIFE 
FROM ISLAND TO ISLAND IN THE PACIFIC 1 


By Ftut ^IfETEEN SaEKIBXT VliQEB 
/ftdfoaa Ualrertify 


EYWBNm FDR AND AGAINST A PACING CONTINENT 

One of the moo bed questions cod coming the Pacific is how the 
biota now found upon the scattered islands got there. There are tiv > 
great schools of thought in respect to the matter. One believes that 
the presence of numerous Asiatic forms can only be explained on the 
assumption that at some earlier time many of the now remote islands 
were connected into a continent. Some members of this school think 
that the continent extended as far as the Iajw ArchipeJago and Ha 
waii* Others do nut ask for so much land, hut assume a southeast¬ 
ward extension of Agin, to include the East Indies, Philippines. New 
Caledonia, Fiji, and Samoa. Certain large islands are also believed 
to have existed, for example, one that would include all the Hawaiian 
Islands and another that would unite the Cook, Austral, Society, ami 
Tu&motu island^. 3 

The other school of thought is opposed to the idea of a Pacific con¬ 
tinent, or of vast islands in it. and to the extension of Asia and 
Australia beyond New Caledonia, 4 They contend that the agencies 
distributing life from island to island are sufficiently efficient to have 
enabled the land forms to spread to the remote islands upon which 
they are found. 

However, there are several features of the distribution of land 
forms that are difficult to explain on the basis of prevailing winds 
and ocean currents. One Is the fact that many of the forms of 
even the easternmost islands are related to Asiatic forms rather 
than to American forms. That is not true of all types of life; a 

‘Reprinted hy perm Lh ion fr^(n The American Natural int P Yd. LIX, Jununry*. 
Ftkrmrj, 1B£S. 

* Camptwl I , JU. " Some Ditj fOTlromunital u]kwa or IT a* a LI,” 

Yut, I. pp. 3K7“l!ftP, Bowl, Wcu. A., “ Hiffillni] fauna A»d floro/' Fro- 

rti^nujrs Vina I'm I'ftdflr Sdmtiflc CMifeTEnc^ Yn|. 1. p. 1GS. Ilouol a Itr, 1031; ftcharff. 
I[. F h “ Diatribe t Ion ft till Of Lei of Life In AmorlcftISM I. 

1 Ptlitiry, II, A., M Th F ilUperval bek| aGfiitii* of Polj^lun land Pme 
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considerable number of Hawaiian forms, for example, bring derived 
fioni a few American Ancestors. Many nf the seed plums, birds, 
and some inserts were- derived from Central American ancestor* * 
Hut a large enough percentage of the forms are so Asiatic os to 
have led those scientists who have examined this particular type 
of evidence to doubt if the existing distribution can be explained 
on the basis of existing conditions. They have shown, fov example, 
that a favorable wind (the prevailing trades) and current (the 
drift set in motion by tlu< trades) should have given Hawaii many 
Californian and Mexican forms of littoral molluscs, if these agencies 
were effective in transporting these forms." Likewise, the liellevers 
in the theory of widespread lands and certain other workers point 
out that the prevailing winds and currents throughout the Pacific 
tropics are westward, and the numerous specie* of Asiatic descent 
must have advanced east ward against the prevailing winds and 
currents. Yet the wind and currents are the only important agencies, 
aside from man, that might littvc transported the plants and animals 
in question from island to Island, 

HOW HDRBICAXK& CAN DISTEtBUTB t.lFK 

Is it noL highly probable that tropical cyclones have played a 
part in the dispersal of life from island to island in the Pacific 1 
l pun their equator ward side there arc often violent westerly winds, 
completely overcoming the prevailing easterlies. As pointed out 
in discussions of the courses followed, many storms move eastward, 
within the tropics, or just beyond the tropics. 7 In moving cast’ 
ward, the strong westerly wind on its equatorward side curries 
much with it, and sets up it strong drift as well. An illustration of 
the occasional power anti persistence of this westerly wind is given 
by the renowned missionary John Williams, who. driven by canni¬ 
bals from Harvey Island, drifted In an open boat ot)0 miles to 
Tahiti with a constant westerly wind.* Normally, easterlies prevail 
in that portion of the ocean. 

The power of the wind to transport light objects through the air 
is frequently illustrated during hurricanes, ns, for example, when 
land bin Is and insects are carried out to sea in large numbers. 
Indeed, the presence of butterflies and birds far out at sea has 

‘Brown. V. ft, n< m Ortwin ivf I Inwall* a flora,' 4 Prw^lb^ Finl Fan-Paclflc Sclent tEk 
OtBfrtn.hr*, m. I. pp. 131.142 k lflar> plat,!**; MnLr, P. ( “ problttu- In 

Elnw.ik|.m ('ntomoS^gj' r llniwtil, Ulrt., riliI Htraihir, Paup4 If*wmlSeftati/ r Tallinn 

T«rtpbraEm | hlntiS. 

‘ .VI til r t U#+ eft, 

* I™"*' 6 a, ■ Troptral cjrlflnrfu Ot |h« i atzlfle *Jfh cliarti nf tnek** Monthly 
Hottier lEeck^, V *>L r^i. pp. ID 22 , nnd EtulMJii 30 of Mukiieu 

Qt liunLiItjlitK 11335, 
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often been mentioned in connection with hurricanes* A specific case 
of interest is mentioned by Dr, F- Woods-Jones * concerning insects 
Hi Coc^^KeeliDg Island in the Indian Ocean- During a severe 
north westerly wind associated with a hurricane, hundreds of dragon¬ 
flies were driven the 70fl miles from Sumatra and .Java, the nearest 
land, to this little island. However, atf the island jm^ssed no suit¬ 
able environment for dragonflies the introduction wan ineffectual 
in spite of the large numbers driven there. But if A marsh or other 
favorable environment for these insects should develop on the 
island, there is no question that within a short time some storm 
wind would stock it with dragonflies. 

An actual increase of the permanent fauna of Cocos- 1 veiling 
Island took place dtiringDoctor Wood-Jutaes’s residence there,, shortly 
after tlmy had added u new plant, tomatoes grown from seed. At 
First the tomatoes hud no enemies, but before the first crop was 
ripened an insect pest was brought by the same cyclonic gale that 
brought the dragon flies from .lava and Sumatra, Although Cocas- 
Keeling Island is in the belt of trades, which blow with exceptional 
strength ami persistence from Australia, almost no Australian species 
are found in the fauna. Doctor Woods-Joiuw believes this fact is 
an illustration uf Alfred Russell Wallaces general! suit ion that (ly¬ 
ing forms arc rather veil adjusted to the prevailing winds, just os 
aquatic forms living in u regular current commonly are adjusted 
to it so as not Lo be swept away. But the sudden, irregular, violent 
winds and currents sometimes associated with tropical cyclones tube 
many individuals by surprise ami carry them away from land, 
Kut only are animals with wings sometimes carried long dislances 
bv hurricane winds, but many forms attached to leaves are thus 
carried* The .stripping oil of almost all the leaves occasionally uc- 
rozuplished by hurricanes Inis been mentioned often* Borne of these 
leaves are carried far* and on these parachutes are sometimes at* 
Lulled worms, larva? eggs, or small snail*. 10 

ttUKtllCAfCE CURRENTS AS DISPERSING AGENCIES 

The strength of the abnormal ocean currents set in motion bv 
hurricane winds is mentioned repeatedly in the Pacific Islands 
Pilot. * 11 The significance of Hindi abnormal currents may lie illus¬ 
trated by a statement concerning the Hawaiian Islands. A fe w 
years ago the mangrove was introduced upon the island of Moloka i. 

■ Predator *1 AdMaid* Udlwfilty. Australia. Ittmirki fallow] iiff my paper bi-furt tbt 
Rdfal Botrk-lf of S^w ffoutls Wllri, 1021. 

“ POMbry, El. A., "Tbe dlapeniii ami amnllirt ot PoljQAiiJau lantX tmnll fauna**" Ppdt. 
rim P*b-Emifflr ScW-ntWe CiaQfpreDcc. to! 1. p HO, RooolaJn, 1B21 + 

11 U. S. Hfdt^nipbk Ofllrr. WaiiMiwfton, 1&20. 
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In spite of strong no mini currents at right angles to the favorable 
direction, seeds are OLtuaiutialh' floated to Oahu by abnormal cur¬ 
rents, and the tree is now establishing itself there, wore than j?5 
miles from Molokai, 13 

J he facts that most of the lowland plums and animals of the 
wide stretch from Fiji and the Carolines to the Low Archipelago 
and Hawaii are of the same or closely allied species, and that at 
the same time there is a progressive dropping out of species east¬ 
ward, suggest strongly that the distribution of life forms has been 
from scattered island to is!end and has been accomplished by trans¬ 
porting agencies that are rather efficient, though not perfectly so. 
The fact that relatively few forms are of American origin (except 
remotely) suggests the inadequacy of die normal trade winds and 
normal currents ns agencies of dispersal, in accord with Wallace’s 
law concerning normal winds and currents. However, the relatively 
small part that South America bos played in supplying forms to the 
Fad lie Islands doubtless is due partly to two special conditions. 
One is found in the few islands in the eastern part of the tropical 
Pacific. Indeed, good atlases show no islands between the Low 
Ardiipolngo and South America, about 3,000 miles away, 'flic Gala¬ 
pagos Islands, on the Equator, arc almost the only islands north of 
thiii zone in similar longitudes. South of 24° S * latitude are only 
Easter Island (28° <v), Sala-y-Gomez (26%* S.). and a few other 
islets or rocks to the west and northwest of Easter Island, mid also 
Sail Felix and Juan Fernandez Islands near the eightieth meridian, 
not very far from South America. 

The second special condition highly unfavorable to the spread of 
South American forms over the Pacific Islands is the fact that much 
of the western portion of tropical South America is almost barren 
of life, on account of the extreme aridity of the lowlands and the 
presence of the lofty Andes only a short distance from the coast. 
Somewhat similar conditions obtain over a wide belt in the North 
Pacific, There are almost no islands between Hawaii and North 
Amenca, and most of the const of Mexico is almost barren on account 
of aridity. On the other hand, the southeastern coast of Aff jn and 
the East Indies teem with forms adapted to the climatic and soil con 
ditjonw which obtain in most of the Pacific Islands* 

Another argument of advocates of great extensions of the lands 
15 the ^Uowiu g: They say that wind and currents, even those asso¬ 
ciated with hurricanes, apparently are not effective in the dispersal 
or certain types of life, os shown by the absence from the coast of 
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Queensland of certain forms known Ln New Caledonia. Both the 
normal trades and numerous hurricanes pass over New Caledonia 
and thence to Queensland, and yet the coconut is established at only u 
few points on the Queens]arid coast, and certain species of land snails 
abundant in New Caledonia are unknown in Queensland, 

The general Jack of the coconut in Queensland appears not to be 
due, however, to a lack of seed there, for they are often noticed 
sprouting along the shore. The severe droughts during the cooler 
season of each year, characteristic of this part of Australia. may 
be the factor preventing their widespread establishment on this 
coast. 

The absence from Queensland, of tho large showy land snail (Pin- 
ivsttfhw), common on the islands to the eastward, may lie due to 
the presence in Australia of enemies that prevent their establish¬ 
ment. The Australian hush turkey feuds upon similar Molhtscu, 
and it. has been suggested by Curator Charles I led Icy, of the Aus¬ 
tralian Museum, as possibly responsible for the absence uf tins island 
snail in Queensland, 

II UR Hit'AXE If LOOM AND LIFE MSPEHSAL 

Another way in which hurricanes have influenced tire dispersal of 
land forms is in connection with tire floods they cause, whenever 
excessive amounts of min fall in a short time. There are numerous 
records of the fall of more than 10 inches in two days, and some rec¬ 
ords of more than CO inches in three days, 11 Under such conditions 
normally rather small streams become river? anil carrv to sea vast 
quantities of driftwood. The river banks are eroded badly, and 
many trees are undercut and carried out tn sen. During the excessive 
ruins, large masses of dirt and loose rock upon steep hillsides often 
slip or slump, sometimes temporarily damming valleys. In case the 
dam breaks, the sudden rush of waters does its part to contribute 
natural rafts of driftwood, with their load of land animals and 
seed s. Furt her more, t he animals are not noa rly so ] i kely to ho picked 
off a raft by sea gulls or other birds during a hurricane as they me 
in ordinary weather. Hence, the absence of long river? flow ing into 
the Pacific, with the exception of the Chinese river?, should not lead 
to the assumption that natural rafts of considerable sire and bio¬ 
logical dispensing possibilities are lacking in the Pacific. 11 
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tropical cyclones have itbo pl&ycd a purl hi the distribution of 
peoples over the Pacific'- legendary mints indicate that a num- 
her of island groups were discovered by occupants of bouts that hud 
bc+in blown out of their coarse by storms. The discovery of New 
Zealand by Polynesians cn route from Samoa to the Cook Islands is 
a specific illustration . 35 

MAN AS AN AGHNC? OF DISPERSAL 

The great importance of nnm in distributing plants and animals 
of economic Importune* anti, incidentally ami inadvertently, of 
numerous smaller species concealed in the soil or bark or on leaves has 
been emphasised by several sclentUls. lfl 


GEOLOGIC CHANGE 


The dispersal of lift from island to island over the Pacific bus 
been sctromplished slowly. I ji doubted ly s duri ng the geologic ages, 
ilierL- Inivo Iwn geologic changes that have been significant For 
example, it jjj known that long ago there was more than once u 
KtruEi where the continuous Central America now Conceivably at 
times the drift induced by the trade winds, and which is non 
diverted northward in the Atlantic to form the Gulf Stream, may 
have continued westward carrying with ii some of the seed plants 
J ind animals of the islands situated where Central America now ia. lT 

Likewise, any tropical eye lours that occurred then in the? Funk 
!*eun region would have l*rrn more likely than now to sweep west- 
wu.r«l far into the Pacific* for the atmospheric pressure eondStinns 
prevailing over the land, especially mountainous hind, seem often to 
divert tropical cyclones. 

Likewise, it is known that Australia was formerlv connected with 
Asia by way of the Rust Indies and New Caledonia. At such times, 
it is probable that the normal ocean currents were distinctly different 
from the present. \\ Idle now part of the equatorial current finds its 
wav westward between the [stands and enter* the Indian Ocean, fens 
mcrlv the continuous land necessarily diverted the warm equatorial 
current into higher latitudes. 

Another change during the geologic past, which is much more 
frequently mentioned, is the lowering of the sen level during the 
accumulation of the continental glaciers of the several ice age& Tt 
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it; thought by soma that the sen. level was low ere cl about lio feet dur¬ 
ing tbe I'leistocenc glared epochs, I'nvpicst ion ably there was some 
lowering of the sea level, but probably not newly that much, for the 
glaciers probably were not nearly so thick us some have assumed. 1 * 
However, any considerable lowering of the sea would result In an 
increase in the land area, sometimes connecting neighboring islands, 
and hence facilitating the local spread of laud forms. 

DURATION OP OKU LOGIC TIMS 

The recent great increases in the estimates of the duration of the 
geologic past also lias a bearing upon the subject of tropical cyclones 
and the dispersal of life in the Pacific. Ji is conceded that the 
chances of a single hurricane doing much along this line me small. 
The great reason why hurricanes have been largely ignored by the 
students of this problem is because hurricanes were believed to occur 
only at long intervals and were thought to Is too rare to play inurh 
of it part. I bit How that it is known ihat more than a score occur 
annually, on the average, nut in the Pacific (in addition to those in 
the Philippine region) they take on a different aspect. Their sig¬ 
nificance is also increased by (lie fuller appreciation of the diverse 
"ays in which they a licet the lands, streams and currents. They are 
itiso less likely to be ignored as u factor in the dispersal of lifr when 
it is ran listed that the interval since the beginning of the Mesozoic 
era probably is many times the 30,000,000 to 50,000,000 yam it was 
tiioiight to be u few decades ago. Indeed, the remarkably convincing 
evidence, derived by leading physical chemists from the study nf the 
products of [In? disintegration of radioactive substances in igneous 
rocks of various geologic ages, indicates that probably more than u 
billion years have elapsed .since life became abundant Ujion the earth. 

I tenet, fortuitous happenings, such as the dispersal of living forms 
by hurricanes, have had a long time in which in succeed. 

u Jliintltueion and VJiiher. " CtSmnHf Churuirt, tlwir Nature tod ruia **!-, 11 S>w H&itff i 
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ISOLATION WITH SEGREGATION AS A FACTOR Of 
ORGANIC EVOLUTION 


l\y 1>aviU WiAiui J ohjia.m 


The purpose of the present paper is to stress the fact known to 
every field worker in zoology or botany, that the molding of species 
m mainly due to the separation by barriers of one kind or another of 
related forms. Them is probably not a genus in which separate spe¬ 
cies have arisen in nature, that does not show that these forms have 
some sort of geographical basis. Them is not a case on record in 
which the origin of a distinct species in nature can bo traced with 
any probability to “ mutation ' or to Mendelian or other hybridism. 
Tiiat striking mutations occur in nature, as well as in the garden is 
wdl known. Selective breeding will carry these very far, but in 
open competition such variants are either crowded out or else 
swum|>ed by interbreeding with the mass. No normal definition of 
species can be: drawn from variants of this kind, A species is a 
recognizable kind of organism produced in the natural divergence 
of life, and which has run (lie gauntlet of time, and which has en¬ 
dured. The problem of the origin of species relate to forms which 
have lasted. The study of impermanent variants, whether due to 
mutation or to artificial selection and segregation is a matter of 
great importance. Among other things it should throw light on the 
origin of actual species, but the problems involved in the two cases 
are quite distinct. 

To begin with, forms actually found in nature we must consider 
as genuine species. Nothing can lie more real than that which 
really exists. Natural species, nevertheless, have as ri rule indefinite 
boundaries shading off into subspecies^ geminate nr representative 
species t ontogenetic forms and the like, and may be variously altered 
by artificial selection in conjunction with artificial segregation. All 
their multifarious eccentricities command attention. As Darwin once 
observed, such facts are fascinating to us u ns speeulatists, however 
odious to us as KVstemntistH.” They must bo reckoned with, not 
through speculation hut by intimiitc understanding of actual realities. 
Rut to extend our knowledge of a species we mm t ring the change- 
on the variations tn which it is susceptible. For (he degree of vari* 
abilitv is also a specific character. On such problems hundreds of 
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genetic! h(s are now ait work, with the handicap that their studies 
hinh forward to changes that may lx* effected, not backward to ancient 
responses to shifting environment, 

fn the study of any species whatevot, we encounter four factors: 
f wit intrinsic—heredity end variation: two extrinsic—selection and 
isolation ‘ )r sejJttrutioi], with its accompanying segregation, the one 
insuring the nonsurvival of the nun adaptable, the other leading to 
muling by propinquity, through biological friction which prevents 
witle crossing by interrupting the fluidity of life. Factors other 
than then' four may exist, but in the history of every individual of 
whirl] u species is composed, each of these has been potent. With 
j!iu( fact in Jutnd, in view of the great range of investigation cover¬ 
ing these matters, one may affirm that no wide-reaching biological 
problem is more completely explained than Unit of “the origin of 

specie.'." 

The historic origin of individual species of living organism* runs 
closely parallel with the origin of individual words in a language. 
One may trace the derivation of thousands of words, while yet hesi 
rating or “expressing agnosticism" as to the origin of language. 
In like fashion, we may trace hack to their original stocks thousands 
of animal or plant species and still hesitate alwut or "express 
agnosticism as to a complete definition of biological origins. For 
after all each one has its own history, including vicissitudes of 
migration, selei tion, and separation, and the theoretical generaliza¬ 
tion can he only an inductive summing up of all evidence obtained. 

In the study of species as related to geographical conditions, one 
is most impressed by the recognition of “ twin " specks, forms dose! y 
related but nevertheless distinct, separated from each other by some 
kind of barrier, To similar parallel forms I gave, in ISMW, the name 
of “geminate species/’ These agree with each other in generic 
structural traits. In all matters of adaptation to environment, pre¬ 
sumably results of selection, they may he absolutely identical, as 
»(*» m hahfts unless confronted by some novel condition. They 
difler in minor regards, presumably of later origin than the generic 
traits, 

I indicated the “law of geminate species” as follows: Given 
any aperies in any region, the nearest related species is not likely to 
be found m tile same region, nor in a remote region, but in a neigh¬ 
boring district separated from the first Ly a harrier of some sort or 
at least by a beit of country the breadth of which gives the effect 
of a burner. 

The ornithologist. Dr, Joel A. Allen, accepted tills generalization 
and called it ‘■Jordan’s Law,” though of course it rests on the 
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observation of many workers. For it is a matter of common ktioAvI- 
etlga among field naturalists lbat the minor differences which sep¬ 
arate sjiecies and subspecies aic due to some form of isolation with 
segregal ion. Select ii m j i n a 3 u > es a d apt a t ion , but t he tfittfiiu.tivr 
character# of sp&'ie.s tux. in general, tiowidapthe. By some barrier 
or other the members of otic minor group are prevented from inter¬ 
breeding with those of another minor group or with the muss of the 
species. As a result, local peculiarities are fixed. u Migration holds 
species I rue, Wali/nlum lets them -dip^ * 1 or mther leaves them in the 
backwash of currents of evolution. Peculiarities thus sat off by isola¬ 
tion become Intensified by in-and-in bleeding, or segregation, and 
the particular environment exercises some eniLNitmius type nf selec¬ 
tion until at last there emerges \i new form, recognizable as distinct. 
And while its range rarely coincides with that of the parent species, 
or with any other closely cognate form, neither is it likely to lie 
located far away. In the few cases where the range of gem mute 
species overlaps in any degree, the fact seems to find an explanation 
in the surmounting (to some extent) of a barrier by one or utber of 
the twin forms. The obvious immediate element in the formation 
and molding of species is therefore isolation, with (behind) the 
factors of heredity* variation, selection, and others rs yet more or 
less hypothetical. 

II lustra turns of geminate species of bird^, mammals, fishes, rep¬ 
tiles, snails, and insects are wdJ known to all students of these 
groups; examples may be found on every hand. I have myself 
gathered the record of hundreds of pairs of zoological twins, an 
enumeration for which the present paper lias no spaced 

It is clear enough that species change with space and with time. 
With space, because separation takes place and new environment 
brings new stress of selection while Isolation of individuals involves 
some difference in parentage. In like fashion, species change with 
time, because new conditions arise, new enemies, new foods, new 
separations, new selections. That notable differences obtain in time, 
even in pure strains, and when there is no visible reason for change. 
Is clearly shown by the experience of stock breeders. In geologic 
time one geminate species often follows another and in the same 
locality, a fact lately shown by the writer in an extensive survey 
of the Miocene lish fauna of Californio.- 

The application of Jordan’* Law to plants has been denied. 
But geminate species are just as prevalent in botany os in zoology* 
and the effects of isolation in gpocies forming among plants nro 

" OttfUfT Mitmuflil Yulunw. sttiur»nl UbhT-PfBltjr IYi-hh IMS. 
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just as distinct. They are merely obscured by special conditions 
which obtain among plants. 

Cro w i n g the Temperate Zone Anywhere on east and west lines, 
we find plant after plant replaced across barriers by closely rein ted 
forms. Illustrations may be taken from among the higher types— 
crpiidly well no doubt from among lower ones. Some genera belt 
the earth or come very near doing .so, each form having its twin 
as next neighbor, A single example* that of the plane tree, 
P tflly suffice* Another would be the blackberry, Pidmv 
ttf, and related species. 

A natural Jaw is not invalidated by the presence of effects due to 
other causes in the same environment. Actual conditions in nature 
nre everywhere products not nf single and simple forces, but ra- 
sn It ants of many causative influences, often operative through the 
long course of ages. 

As a rule, rotated species in almost every group are connected by 
a fringe of inCergradations or subspecies. Where barriers are sharply 
defined, geminate species also are sharply defined* Where diffuse, 
geographic! subspecies connect them, either wholly or in part. We 
recognia* no difference between species and subspades except that 
involved in sharpness of definition. If the particular barrier can 
not now be crossed, a species resultant from the presence of the barrier 
will be well defined and therefore unquestionable, however small the 
elements of difference. Subspecies nre almost invariably associated 
with some feature of geographical distribution. 

It has been claimed that geminate forms are not true species be¬ 
cause they often intergrade one with another, and would probably 
lie lost by intermingling were the barrit^rs removed. Some maintain 
also that only physiological tests can be trusted, as true species will 
not blend and their hybrids, if they exist* are sterile. This assump¬ 
tion is purely hypothetical, Interbreeding is no test of species, 

( lowly related aperies in almost any group of plants or animals can 
usually be readily crossed- As the relation becomes less intimate, 
we find partial sterility of varying grades and at last total incom¬ 
patibility. 

In most groups, probably in all, the characters which distinguish 
species from one another are elements neither useful nor injurious, 

1 nless we fake ik natural election ” to cover both processes, as 
Darwin certainly did, we must assign to “selection 11 the preserva- 
bon and intensification of adaptive characters, and to "isolation 19 
the seizing and fixing of the nouitseful — usually fluctuating _ ele¬ 

ment, It ia a fact well known to breeders that these indifferent 
or mm useful characters ate generally more persistent in heredity 
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than traits which are plainly adaptive. The slight traits which 
mark races ore in themselves not obviously valuable in the struggle 
for existence. 

Moritz Wagner, the pioneer in this lino of investigation, showed 
plainly that in the study of the evolution of any form we need to 
know whore its has lived, what it did, how it was bounded, and what 
was its relation to other forms, geographically as well as morpho¬ 
logically. IIis work, a most necessary supplement to that of Dar¬ 
win, has never received the attention it deserves. This is duo in pari 
lo the fact that most investigators do not travel. They know little 
of animal or plant geography at first hand. They have had nothing 
to do with species as living, varying, reproducing, adapting, and 
spreading groups of organisms. Another reason lies in Wagner’s 
attitude of opposition to Darwinism. For natural selection he sub¬ 
stituted separation, " rdumlichc Sonderung” denying altogether the 
potency of the former factor. He saw the two as competing, not coop¬ 
erating elements, and thus threw on isolation the impossible task of 
accounting for adaptation. One need not ascribe to natural selec¬ 
tion the "'A.Umacht- ' which some Neo-Darwinians have claimed for 
it, yet on the other hand those who reject it as a factor in organic 
evolution give no rational explanation of the universality of adaptive 
organs and adaptive traits, no clue to the most universal characters of 
organisms in general. 

Certain writers urge that neither selection nor isolation are factors 
in evolution, but rather elements in species forming, a process de¬ 
fined as something distinct from evolution. Tiny say that these 
obstacles in the stream of life only help to split on-moving groups 
of organisms into different categories, white the impulse to forward 
movement, is internal and the changes of evolution proper affect 
groups as a whole, and are not concerned with dividing them into 
species. 

Such a view may be questioned on two grounds; it is untrue as 
to facts, or else merely a matter of words. We know nothing of 
evolution in vacuo , of change in life unrelated to environment. All 
forms of life are split up into species, with adaptation to external 
conditions visible in every structure. We know 1 of no way in which 
organisms become adapted to special conditions except by the pro¬ 
gressive failures of those which do not fit. No organism has escaped 
or can escape the grasp of selection. In like manner, tho world being 
full of physical barrier*, no organism escapes biological friction 
which prevents uniformity in breeding. There must be some degree 
of ” mumlichc Sonderuitg” even in a drop of water. As Wagner 
truthfully observes: u Ohne Isolimng keltic A-rten.” 

70011—26-22 
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To admit known fnt-Ls and yet gay that selection and isolation am 
not fadors in evolution would appear to make the mailer a mere 
question nf words. If by evolution we mean tin* theoretical progress 
of life, due solely lo forces intrinsic in organisms, thin outside 
influences are of course not factors in such evolution. If, however, 
we mean the ad mil life movements of actual organisms on this 
actual earth, then extrinsic influences and obstacles are factors in 
continuous diverging tlamgij. 


THE BIOLOGICAL ACTIOS OF LIGHT 


Hy i'jrot Ii^im Hill, y\ R. s, 

Fmtn tht XtiUtmti! JnxtUvtr /itt Mmtimt Rwtirch 


While the heat spectrum, including infra-red, visible mu] ultra¬ 
violet rays, extends from a wave-length of some (10,000 to one of 
luu wit, beyond the outer dark heat rays are the Hertzian ware- <t> i-ii 
m radio with wuve lengths extending to a thousand meters or mom. 
The inner dark heat rays merge into the visible, which are wave 
lengths from 700 ^ (red) to 400 juju (violet). Beyond the visible 
lie the invisible ultra-violet rays with wave length from 401! N t to 
100 W j. and beyond these come the soft X-rays and then the hard 
X-rays and the y rays of radium with wave lengths so short a- 

0.01 w 


I'he body of a man is surrounded with a homy layer of skin 
beneath which lies (he living cells of (he epidermis in thin layers and 
myriad in number. Beneath them circulates the blood through dose 
woven networks of capillaries, in streams some 0,01 mm, think. 'Fite 
epidermis redeem and scatters rays which fall upon ii, but some part 
of the visible rays penetrate and are absorbed by t he blond beneath, 

warming it. The dark beat rayi^ on the other hand, absorbed meetly 

by (he epidermb, warm it more than the blood in the dermis. Set iis 
windows in an almost impenetrable slciu, the eyes have been evolved 

with extreme sensitivity to a narrow portion of (he spectrum_ 

namely, the visible rays. To Hertzian waves we ere insensitive) their 
energy has to lie converted into sound and hoard, Likewise we can 
not fee] ultra-violet, X or y rays; a latent period nf two or thin 1 
weeks follows exposure to X or y rays lie fore an erythema of Mw 
sldn and irritation result. A latent period also follows exposure to 
ultra-violet rays, but one limited to hours. While the hard X-ray 
and y-ruys and secondary rays started by these penetrate in part to 
deep tissue*, (lie active ultra-violet rays are wholly absorbed by the 
epidermis and exert their effect there, 

Sonne Found that if dark heat rays are brought to hear on the 
skin up to the just endurable sensation of burning, the temperature 
just beneath the skin will be raised to about 43° C. On the other 
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hand, if visible rays alone are concentrated on the skin to the just 
bearable degree, the temperature just beneath the skin will Ire raised 
even to 47® C. This result, confirmed by Argyll Campbell and L. 
Hill, Is due to tlie greater absorption of dark beat by the surface 
layer of the skin and a deeper penetration of the visible rays. Sonne 
ascribes heliotherapy to the local heating effect of the visible rays 
and has tried lo find evidence that such local heating of the blood 
increases sped lie antibodies of the body—e. g., tlie diphtheria anti¬ 
toxic content of the serum. However, P. Hartley lias reinvestigated 
I his matter with great refinement and accuracy of method, both in 
regard to the diphtheria antitoxin content of the scrum and the 
agglutinin content of the serum against It, typhosws* and finds that 
light baths lmve not the least effect, on such a specific immunity. 
The bat I in have power, on the other hand, to increase the general 
resistance of the body to infection, us was shown hy L* Colebrook, A. 
Eidinow, and L. Hill, who found that a light bath intense enough to 
produce erythema put up the luemo-bactericidal power of the blood 
as tested in vitro. Blood wlilch lrefure the bath killed snv 80 per 
cent of staphylococci mixed with it, two hours after a light bath 
killed 100 per cent. Such an effect followed no less when a lasting 
cry the mu was produced by exposure to heat or a mustard poultice. 

In the case of the light bath the relative activity of visible and 
ultra-violet rays is proved in the following way: If an arc light with 
“white flame" carbon poles (direct current and about 2,500 kilo¬ 
watts) is focussed sharply through a quartz lens on to the arm, an 
unendurable burning sensation results- almost at; once. If the ami is 
immersed in a quartz vessel full of cold water and the exjieriment 
is repeated, no burning sensation results, but if the exposure is con¬ 
tinued for 5 minutes, erythema develops some hours later at the ex¬ 
posed spot, and this may advance even to a blister, to be followed by 
a long, lasting, brown pigmentation. Repeating (lie last experiment 
with a quarto screen filled with 3 per rent quinine solution inter¬ 
posed between the arc and the arm, all ultra-violet rays shorter than 
330 ftp are thus cut out, as can I* shown by the quartz spectrograph. 
In this ease no erythema results even after over an hour’s exposure. 
The visible rays then, apart from their heating effects, have no effect 
on the skin. I he ultra-violet rays, acting on the eouled skin, have, 
on the other hand, a profound effect. 

Using a quartz spectroscope and a blackened thermopile for meas¬ 
uring the energy uf various parts of the ultra-violet spectrum, it was 
found by Hattsser and Vahle that the maximal power for producing 
erythema of the skin was with the wave-lengths 300-2&C) m just the 
region which comes through with the high sun on clear days. Little 
effect was given by rays 313 w and 250 ^ A screen of uric arid 
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(1 m 40.000 solution) in a quarts container absorbs rays shorter than 
300 pp (Dh&$). The mercury-vapor lamp through this screen pro¬ 
duces no erythema even after giving sis times the erythema dose for 
the unscreened lamp. Lines 275 and 2S7 ^ of the cadmium spark 
spectrum produce erythema, but not lino 232 ^ Such short rays 
do not penetrate the homy skin but actively kill infusoria, 1 

How slight is the penetrating power of the ultra-violet rays Is 
shown by interposing in place nf the quinine solution a tlrin film of 
the horny layer of the skin taken off a blister, or the mesentery of a 
rabbit. Such a film protects the «kin no Jess that the solution of 
quinine. 

i lie active ultra-violet raj's penetrate to the deeper epidermic eel!.' 
but no further. Among these cells there takes place mult)plication 
and growth, formation of pigment and transition into the homy 
material, which is pushed outwards by the growth of cells within 
In these cells the ultra-violet rays provoke clinrigcn which wo may 
assume arc similar to those which have been photographed In Jiving 
anthrax bacilli by Mr. J. E. Barnard, using a microscope with quarts! 
lenses and a band of ultra-violet rays from the cadmium spark. 
Under the ordinary microscope they have been observed by A, Eidi- 
uovv anil L Hill on infusoria. An increasing aggregation of parti¬ 
cles takes place in the bioplasm; in the case of infusoria tills leads 
to cessation of movement, death, rupture, and setting free of the 
particles. So, loo, the surface film of ogg white exposed in a quarts 
chamber is coagulated by ultra-violet rays. Positive particles are 
dispersed and negative ones aggregated (Clark). 

These rays displace electrons In atoms according to present physi¬ 
cal theory and so alter the charge of the particles, some of which 
are to bo seen in bioplasm by dark ground illumination and high 
microscopic magnification in active Brownian movement. Tins 
leads to aggregation started by the displacement of electrons in 
llie atoms. Chemical change in molecular structure ensuing i n the 
epidermal cells after a latent period, reaches such nn irritative na¬ 
ture as to lend to dilatation of the subcutaneous blood vessels, exuda¬ 
tion of lymph, increase of lymphocytes, and rise in the hiemoboc- 
tcriddul power of the blood. In cases of rickets the abnormally 
low inorganic phosphorus content of the blood which is significant 
of this condition is put up also in a striking wav. Subsequent to 
these reactions there results desquamation, due to death of some 
epidermal cells followed hy pigmentation. The pigment melanin 
19 la,fl down ns granules in that layer of living cells which lies dose 
underneath the horny layer. Melanin is stated to be formed by the 
action of an oxydase in the deeper epidermic cells, os may be' seen 
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in the fresh motions of skin (cut frozen) when radiated and wet 
with u solution of d ioiyphenylftlimill; this substance is said to bo 
the sped Ik precursor (Bloch). The closely Allied com pound, ty- 
rtisln, is said to dimmish in am mint in the blood at the time when 
melanin is being formed in the .skm after a light bath, 

tUtra-violet rava act more quickly on warm tliatt on cold skin. 
Tested on infusoria the coefficient for temperature {for a rise from 
10° C, to 20 (h) is about 2-3 (A + Eidiiuuv ami L. Ilill); for the 
frog's mesentery it k less, about l-£ (Argyll Campbell and L. 
IIill). While heat of the sun may aggravate a sunburn t it is not 
a necessaiy adjuvant. Ultra-violet radiation can intensely burn the 
cooled skin; it is well known that glacier sunburns may be very 
severe. Dewar killed microbes with ultra-violet rays ui the tempera¬ 
ture of liquid air. 

The power behind the sun was worshipped by the heretic pharaoh, 
A kl in Ellon, and modern science leads tis back to veneration of thi- 
power* Hie iiimginulioii tries to think of the infinitely intricate 
energy complex which go^s to form u living cell T of electron* being 
displaced in atoms by nilro-vinlet rays, of molecular movement en¬ 
hanced by heat rays, of radiation provoking reactions which muni- 
fast ihomsdvea as life, of the spirit of man ensuing in the evolution 
of energy trims formations. 

The law holds that absorption of rays precedes action. Rays 
which pass through a cell have no action upon it ut aLL The skin 
screens usdf from excessive light by ks horny layer and by pig¬ 
ment, Pigment by absorbing visible and ultra-violet rays screens 
ihe deeper cells and blood. It absorbs dark heat rays and con¬ 
verts visible rays into heat, and this heat, stimulating the nerve 
endings in the skin, may reflexly lessen body heat production while 
provoking sweating and dilatation of cutaneous blood vessels. 

Melanin is a screen, not a sensitizer, transforming light into heat. 

11 is present in a fine particulate form and scatters and diffusely 
relic vis rays. The spectrograph shows that melanin in fine sus- 
ltension and thin layers screens off and greatly weakens but does 
iioi wholly absorb the ultra-violet spectrum. This is. in sharp cou- 
irm u> 11 il P&* ^nt solution of quinine which in an equally thin 
layer wholly absorbs rays shorter than 33G ^i. A lover of 
Hwcui wetting the skin helps to reflect light, while u layer of evupo- 
nituig moisture surrounding the skin helps to absorb heat ra vs. The 
pigmented naked body with sweating skin is thus favorable to 
Ihe cooling of the native in the tropics, while clothing retard* heat 
loss of lhe white man, 

By local concentration of an arc light on a rabbit’s head, it is 
easy to heat its fur up to 150* F. and its brain even to 107* F 
while with the IhkIv in the shade the rectum is only 101* F. (Argyll 
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(.'ampbell iiitil I,. Hill), Pith helmets prevent local healing of 
the head and sunstroke in the tropics. In Hie West Indies, these 
lire no! needed owing to the screening of tin* sun by water vapor. 
There is rarely any danger of sunstroke in Great Mriluin. The sun 
is powerful enough only on few summer days, and Imre heads offer 
no risks except nn these rare infusions. Heatstroke from overheat- 
big of the whole body due to exhaustion of sweating in warm 
stagnant air is much more common—overclottied us we are for with¬ 
standing hot weather. 

Downes and Blunt (JS77) proved that the bactericidal action of 
light was due to ultra-violet rays, arid much has lieen made of this. 
It lins Iwen claimed recently by Wiesner that the infra-red rays, 
apart from their heating effect, have a haitci'ieidu] action, but this 
is not so (A. Eidinow and L. Hill), The only rays which kill, 
apart from unv lethal heating effect, are the ulivu*violct rays. The 
bactericidal power of these rays is not nearly so important as lias 
been thought, for the rays can only kill the surface bacteria. They 
etui not penetrate into filth any more than through the epidermis, 
In (heir curative effect on lupus these rays act, not by directly 
killing the bacilli, but by increasing the immunizing powers of the 
tissues. This is so, even when the rays are focussed ns in the local 
t inren light treatment. Xoditlts so treated, when injected into 
guinea pigs, produce tuberculosis, 

Mr. J. E. Bui 1 nurd, by photographs taken with ultra-violet rays 
und a rpitirttt-lenscJ microscope, has shown structures hitherto un- 
revealed in living yeasts, bacteria, and Idood rails. This is due 
to the selective absorption by the outer membrane, the nucleus, 
and certain other granules in the cells, Infusoria vary in their 
susceptibility to the lethal effect of ultra-violet rays, and this prob¬ 
ably hears « relation to the age, nutritional state, ruad absorptive 
particles within them. The lethal power on cells increases with 
shortening of the ultra-violet rays; for example, using the cadmium 
spark, a 20-minute exposure sufficed to kill infusoria placed in the 
275 pp hand, and a it -minule exposure in the 232 pp band. The 
penetration of the shorter rays, however, is far Jess, and these there¬ 
fore have no action on the skin. Thus, os stated above, while 
hands 275 and 257 ftp of the cadmium spark produce erythema of 
the skin, tTie intense 232 pp hand has no effect, 

III the vase of the very short rays, Mr. J, E. Barnard finds one 
anthrax bacillus screens another lying beneath it. With rays of 
weak intensity, processes of repair may keep pace with injury, and 
no effect lx* produced in living rails. A screen which allow*"ultra- 
violet rays to pn<* so as to give an excellent spectrum, as photo¬ 
graphically recorded hv means of the quartz spectrograph, may la* 
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found to reduce biological notion very greatly, us is shown when lUc 
lethal power of the screened rays is tested against that of the un¬ 
screened on infusoria or the skin. The photographic method is so 
exceedingly sens]tire that deductions can not safely be drawn from 
it alone. 


It is claimed that immunity is set up in the epidermis by one 
exposure to a subsequent one, and this long before pigment is 
formed (Perthes). Thus if an area of the skin be exposed for five 
minutes and again for five minutes some hours later, and a second 
area be given 10 minutes exposure nil at one time, the erythema will 
be much more marked in the second area. Choosing a small dose, 
a second one given a few hours later increases erythema and soreness. 
Maximal erythema, of course, can not be further increased by a 
second dose, but this seems to be true for soreness also. The im¬ 
munity is no doubt due to coagulation of the outer layer of living 
cells, whence comes peeling. When pigmentation is still well marked 
weeks after an exposure, susceptibility of the epidermis mar be 
Sibi>"]i to have returned by the erythema following a further dose 
of ultra-violet rays. 


in measure the therapeutic action of the ultra-violet rays we can 
use the lethal dose for infusoria contained in a quartz cell at 
Jo-20 C. t or the erythema-producing dose for the skin of the 
average white arm, or the rate of bleaching of a standard solution 
of acetone and methylene blue. The last has been standardized 
against the two former, and each degree on the scale is twice to four 
times that required to produce a moderate erythema. (A. Webster, 
. Hl11 ’ aiul A - ihdinow.) The acetone blue solution is exposed 

in a quartz tube of standard diameter, and after exposure the degree 
reaching determined by comparison with a set of blue tubes of 
1 ' pt J - of tint !<J tu 3. The acetone solution ub^orbs the ultra- 
% i i * ' ' S ! ,urtcr W*r and the chemical reaction set up in 

1 "*■*“*• ^lue. Observations have been taken daily with full 
exposure to sun ami sky at various places and show the intensity 
of ultra-violet radiation in dean air and the effect of smote and 
! '! U[>, ‘ r f a fine summer day the quartz tube may have to 

a. t *,ui i.J two or three times in the day, uiid the highest total 
ading last summer at Peppard. Oson, equaled 23. In the Alps a 
• a lI ^.° ' ''’ n-s Stained in one day. In dull cloudv weather of 

1 7 ^ K 1 1 ll,u - v be 1 or 2 and in smoke polluted towns 0. 

1& 1)1 a plwk to keep moving the quartz tube together 

, ' 1 | n i s ' iv»-nto shade it from the sun but not from the sky 

. *1 * lately round the sun, we have found that the 

r.i u<> et radiation from the sky is far more than from the 
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direct sun. Dorno at Davos allowed that this was so using a cad¬ 
mium photo-electric cell for recording the ultra-violet radiation. 
Even with the sun at its zenith, the ultra-violet radiation from it is 
only about DO per cent of that from the blue sky. With the low 
sun, the sky yields far the more. 

Smoke pollution robs us of half or more of the ultra-violet ravs. 
While seeking to abolish this evil, we require to make the loss good 
by the use of artificial sunlight baths. Screened its he is by window 
glass, clothes, fog, and smoke, the citizen is cut off from ultra-violet 
rays almost wholly in winter, and in consequence his general health 
and resistance to disease goes down. The evil is enhanced bv indoor 
life spent in heated stagnant air of rooms, and bv lack of open air. 
exercise, and by a diet deficient in vitamins. Thus the resistance 
to catarrhal infections, which spread in the crowded stagnant air 
of rooms, is lowered. Those who live open-air lives and are well 
fed, exposed however much they arc to weather, are far less often 
attacked. 

It has already been stated that the himiiobactoricRlal power of the 
blood {as tested in vitro) put tip id an animal by an expcjsure to 
ultra-violet radiation which is sufficient to produce erythema. It 
has also been found by A. Eidinow that if a little blood is with¬ 
drawn from an animal, irradiated by rotation in a quartz flask, and 
then put hack again into the animal, this puts up the luemobncteri- 
cidttl power, and yet the irradiated blood itself has this power 
actually destroyed in itself by radiation. The putting up of the 
luemobactericidal power depends on the corpuscles and not on the 
scrum. In man it is naturally high, and con be put up less than in 
such animals as rabbits and pigs. It is known that ferments, 
serums, agglutinins, and the anaphylactic power of blood are alike 
destroyed by ultraviolet radiation in vitro. 

Kerent research on rickets has shown that tho diseased calcifica¬ 
tion of the grow ing bones results from a diet deficient in antirachitic 
substance and lock of ultra-violet rays. If young rats are put ou 
u diet deficient in antirachitic substance and having a minimum of 
salts of phosphorus, the latter is not absorbed from the gut. Either 
the addition of antirachitic substance in cod-liver oil or ultra-violet 
radiation for a few minutes a day will wholly stop rickets developing 
and cause a minimal amount of phosphorus in the diet to be ab¬ 
sorbed and utilized in bona building (A, Webster). It has been 
proved that the antirachitic substance present in cod-liver oil is not 
vitamin A, ami that it can be put into an inactive food by ultra¬ 
violet radiation (Hcsw, Steenbock). Thus, inactive linseed oil. 
casein, flour, and lettuce leaves can be made effective as cod-liver oil 
in preventing rickets, by rotating them in a quartz flask in front of 
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the mercury vapor lamp. ‘Water, fat, starch, sugar, mineral oil, 
glycerines, ran not be so activated, Oils retain their acquired anti- 
rachitic power for months. Ii has Ijmh claimed that "active" 
food substance on oxidation gives off ultra-violet rays, but this is 
not so. The error lias arisen through the fluorescence of certain 
quartz screens used in the photographic tests (A. Webster), Drum¬ 
mond has shown that radiated cholesterol makes an extremely active 
radiated rats absorb this from the skin, The antirachitic vitamine 
net ivy ted by radiation this is the activated body} l J robabiy loo, 
radiated rats absorb this from the skin. Tire antirachitic vita mine 
or vita mine D is then sterol activated by radiation. 

We have no evidence so far that radiation can endow an inactive 
food with the growth qualities pertaining to vitamin A. If this 
were possible, thr margarine makers would have found a fresh source 
of fortune in being able to claim that their product was made equal 
to butter. Jackets con be prevented by making the diet more ade¬ 
quate—e. g. t by cod-liver oil—and also by teaching mothers the need 
of exposing infants' uml children’s bodies to the sunlight and by the 
use of artiltcia] sun baths at infant welfare centers. 

Prolonged exposure to intense ultra-violet rays either of the sun 
or ail arc light produces destruction and sloughing of the white skin. 
While the visible rays, beside their heating effect, have no lethal 
effect on the normal living animal cell, it is cosy to produce a most 
powerful effect from these rays by sensitization of the cells. Many 
fluorescent dyes have this effect, eoain, erythrosin, etc., forming a 
coin pound with the bioplasm and so making the latter absorb ami 
be affected by rays longer than the ultra-violet. The action of visible 
ray.- mi sen sit i ml ceils depends on the presence of oxygen. 

The most interesting sensitizer is hsematojmrpiiyrin. un iron-free 
derivative from haemoglobin, closely allied to phyloporphyrin, u 
derivative of chlorophyll. Traces of porphyrin (tiro or stereo) are 
present naturally in the body and may possibly give to the skin 
some very slight nut oral sensitivity to visible rays. An excess of 
porphyrin is present in some rare individuals endowing them with 
an unfortunate sensitivity which causes skin eruptions and even 
ulceration of extremities on exposure to bright light—a disease 
called hydmu estival is, which has to be met by the greatest care 
against their exposure to sunshine or bright daylight. 

When the mesentery is exposed In a cool gloss irrigation chamber 
to concentrated visible rays of an are, no effect results, the ultra* 
violet rays being Altered off by the glass. Add now a trace of 
hmmatoporphyrin to the bath (1 in 10,000) and in a very few 
minutes stasis occurs in the blood vessels. The lymphocytes gather 
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to form thrombi which Mink the (Argyll Campbell and k, 

HI1J), While pigmented animals are protecteiL albinos made sen- 
si tire by injection of hu'inatopnrpliyrin die after exposure to light 
Meyer Jtetz was daring enough to inject some luemjitoporghyrin 
into him d f and Buffered from oodemn nf the face and hands on 
expos-ure tn light. He remained sensitive for weeks. 11 deems 
jKJHsihle that sensitization may prove useful in light therapy. but 
great caution In dosage is required. Fainting patches of lupus 
with glycerin and cosin lias been tried so as to endeavor fu secure 
n greater local effect from light treatment, but, definite evidence for 
ibis ha* uni [wm found (A* Eidinow and L. Hill). 

Sudden exposure to ultra-violet rays stimulates to contraction 
such an organ as the uterus of the guinea pig or the stomach nf a 
frog. The excised iris by pigment fa made sensitive ami contracts 
on exposure to visible rays* Harmful ultra-violet rays do not pass 
through the cornea and lens, and when the retina is damaged by 
overexposure Lo an arc light or to sun (aw in viewing an eclipse 
without gmnkrd glasses} it fa injured by excels nf risible rays act¬ 
ing on its extremely sensitive substance. The lens may be damaged 
by overheating through ray* entering the eye through a large solid 
angle and concent rated therein. Photo-electric effect produced by rays 
acting on a specific retinal substance or substances may be the first 
stage in the excitation of vision. Buss has claimed that the owlx 
eye transmits ultra-violet rays. As far d-s concerns rays shorter 
than JiUQ pp, this is not the case with the cats eye T which has good 
nocturnal vision, nor with Hie end's eye, u fish which swims in dim 
lights of somewhat deep water. Tested by putting the cornea in a 
band of biologically active ultra-violet rays, using the cadmium 
spark, none reach a fluorescent screen placed at a window 
rut in the posterior part of the eye (A. Eidinow and L Hill). 

It has been suggested that lhere fa a biological interference be- 
tween infra-red, or visible rays, and ultra-violet rays. Hass found 
u longer daily exposure to the mercury-vapor lamp necessary in 
mder In prevent rickets in young inta (fed OH a deficient diet) 
when a glass screen was interposed which let red and yellow rays 
through as well as ultra-violet, Hum was the ease with a glass 
screen which only let ultra-violet rays through. The photographs 
of the spectra of the two screens seemed to show equality of the 
ultra-violet radiation, but a difference in intensity is the most 
probable explanation. Peril claims tliat both bleaching of cotton 
and production of endhemu by ultra violet ntys fa delayed by u 
concomitant lieam of infra-red rays. Infusoria seemed to move 
actively longer in the light of ei mercury vapor lamp when ml 
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rays were also thrown on them than without these rays. The 
Lethal times! however, on further trial came out to be the same in 
the two eases, and further research on the circulation m the mesen¬ 
tery mul on infusoria exposed to ultra-violet bunds in the cadmium 
spark spectrum proved negative. Xot the least evidence of inter¬ 
ference with the lethal effect was found, {A. Eidinow arul L» Hill; 
Argyll Campbell and L. Hill). So, too, in the case of exaltation of 
involuntary muscle (Azllma iisnd L. Hill), 

Ultra-violet rays improve the growth and breeding power of 
fowls. Acting directly on embryos they produce monsters. The 
loss of breeding power in man and domestic animals such as cattle 
is probably due largely to indoor life. It has been established by 
abundant clinical experience that light treatment is excellent for 
surgical tuberculosis, rickets, and wounds (O. Bernhard, Rullter, 
Gauvflin, and others). Trials recently made on many other diseases 
have shown that we have in artificial sun treatment n powerful 
stimulant to general health and in particular of the defensive 
mechanism of the body against chronic infections. Skin diseases such 
as psoriasis, ichthyosis, eczema, and boils, chronic anaemias of obscure 
origin, nutritional weakness and wasting in infants, chronic bron¬ 
chitis and the fat flabby condition of the sedentary over- fed middle- 
aged person, chronic phthisis, the debility following actiite infec¬ 
tious disease, etc,, are alike greatly benefited (A. Eidinow and L. 
Hill; P. HalL f etc.). The open-air sanatorium and school have 
shown how ailing feeble children can lie turned into happy vigor¬ 
ous ones, 

A very great benefit to general health can at once be secured by 
the installation of arc baths in schools and public baths. If in 
winter all children stripped but for a loin doth, danced to music 
for 15 minutes twice a week a yard or two away from and round 
a powerful arc lump — e. g., one ticking 100 volts and 30 amperes 
with white flame carbons— a great improvement in vigor, alert- 
ness, and health would bo obtained. It is by such means that our 
nikty, smoky, winter climate can be immediately remedied. At the 
same time, we can tel about to secure and use smokeless Fuel and 
clean away the hideous smoke pollution of the air. We can also 
set into windows and sky-lights of schools, hospitals, and nurseries 
the new * vitagfass, v which lets the ultra-violet rays through, and 
use such glass for the bulbs of incandescent tungsten lilament lamps, 
which would then be a source of ultra-violet rays of mild intensity. 

Many interesting experiments are now being carried out con¬ 
cerning the growth of plants and fruits with and without ultra¬ 
violet rnys, and on the effect of continuous lighting. 
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This paper is ii condensed account of certain observations in 
natural history made while serving with the Mount Everest Expe¬ 
dition. It refers to life on the Tibetan plateau, especially with 
regard to the struggle for existence in those bare inhospitable tracts 
above the limit of the Himalayan tree line. 

First, a word as to physical features* Tibet is a desert, a high- 
altitude mountainous desert at an elevation of about 14,000 feet. 
This is a point we must thoroughly realize, for the life of Tibet 
is in many particulars the life of a desert waste. Compare it for 
a moment with a low-lying wilderness, such as the sweeps of open 
sand in Arabia Sahara, nr Sind, It differs from these in one 
particular: It has none of their intense heat. But otherwise Tibet 
is essentially a desert—empty* bleak, and bare. As we travel across 
it we see all the features of the desert, the wide tracts of brown and 
barren soil, the vast distances spread out before the eye, the fierce 
display of light Here, as in the desert, we meet tracts of sand, 
often loose and crumbling and at the mercy of the wind. In one 
place we see how its surface is rippled, in another how it is covered 
with a saline incrustation, in another how it etupifies the scanty 
vegetation or piles itself into crescent dunes. Here, too T we observe 
the same cloudless skies, the same glare from the plateau soil, how 
the air rises in shimmering waves or clothes the surface in a true 
mirage. There is the great range of temperature characteristic of 
the desert, often 50 degrees between day and night. The min full 
is scanty. The atmosphere is so dry that it splits the skin and nails, 
and prevents the ordinary decomposition of flesh. Fierce winds 
blow across St from the main range, and these might bo compared 
with the Sirocco or Shamal. Frequently they raise up vortices of 
dust which career over the empty plain. As in the desert, we ob- 
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servo tho same scantiness of regulation, the monotonous growth 
t lial gives no color to the landscape, the absence of trees, r Eie thumb 
fites of tho plants, Lire short active ariu-un in which flowers rapidly 
bloom and as rapidly die away. These tire some of the desert 
features which we meet with in otir journey through Tibet 

Let ns consider the life of this high-altitude desert* How do tho 
creatures Href How do they protect themselves If By what mentis 
are they adapted to the conditions of the heighten 

Anyone who has traveled in n low-lying desert knows how impor¬ 
tant J-. protective coloration In the genera] scheme of things. It h 
exactly the same in Tibet. Example an 1 apparent 0*1 every side. 
Most of the common animuJs of t he plateau arc inconspicuous against 
the soil* But we mi bit rememljor that the plateau in littered with 
.-tones, and nut like many low dying desert s T an cvrn layer of sand. 
This gives an additional advantage to the animals. For nol only do 
I heir colors blend with the surface* but their shapes mid outlines are 
often lost to view* luring confused with tho scattered stones. 

I will give some examples of protective color in Tibet. Every¬ 
where on the plateau we meet with colonies of pikas, delightful 
little creatures which sit near their burrows and blend with tin- 
sandy soil. In the gorges of the main range we find another species. 
Its surroundings are more gloomy; it lives amongst rocks* and in *u> 
cordnnee with this its Coat is darker so as to fit it to these special 
haunts. The marmots likewise blend well with the altitudes. They 
like tn occupy the bare passes as high us 17*00(1 feet. The Tibetan 
Imre is a good example of barmoniKatirm. especially when it sits 
amongst fallen stones* Some of the larger animals are protectively 
colored. Tho Tibetan gazelle is the color of the plateau, and a herd 
of biirhcl is inconspicuous against a hill. 

The majority of the birds an? protectively colored. The iliffemtit 
kinds of mountain finches, tie Tibetan skylark* the sh®rMm. k d lark, 
the cahmdra lark, the Mongolian sand plover, are all colored so as to 
harmonize with the soil. They all live on the open plateau where 
there is nothing to conceal them from view. Two of the birds have 
conspicuous JiiurkingSj but these do not interfere with the concealing 
effect* 1 he desert chat* for example, has white patches on its wings 
which disappear from view when the bird alights. The horned krk 
has black markings on its neck ami breast, hut these arc sufficiently 
welt concealed from a hawk or other enemy soaring overhead. The 
1 i be tea *aml grouse is an excellent example of harmonization; ho 
is the magnificent Tibetan suow dock when feeding amongst the 
bowlders and crags. The r]\ih and torrents also provide examples 
The wall creeper lives around the fort at Shekar* and eis it climbs 
about the slaty rocks the color of its hack blends with the sfou*, The 
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ibis hill Is it more striking instance- As it feed* amongst the bowlders 
in the bed of the torrent it is lost to view in the midst of the stone*. 

Some of the birds ure not thus protected. But in such eases they 
are aide to defend themselves from enemies or have special places 
into which thej T can escape. The raven, the steppe eagle, the kite, for 
example, are so powerful that they need no protection. Certain little 
birds, like the sparrows and accentors, arc conspicuous* but they 
keep near villages or piles of stone amongst which they can escape 
from birds of prey. 

We *ce numerous examples amongst other creatures. The lizards 
on 1 he plateau are very variable in coloration- Some are uniformly 
sandy, others coarsely speckled, but ail hai moni/c with the arid soil. 
There are different kinds of grasshoppers that haunt special situa¬ 
tions, One. a large central Asian migratory species, is rich green in 
color and lives tn patches of fresh grass. Another, a new genus, 
minute and wingless, live? on the moraines and decomposing granite 
os high as 18 t 000 feet. It is finely mottled in grey and black* and 
diffh elt to sec because it closely resembles one of the granite flukes. 
There h a third kind which keeps to tracts of coarse loose satnL In 
its color scheme are patches of blue and red, and these harmonize 
with similar colors in the grit, .Still another kind haunts the water- 
worn pebbles on the hanks of the ChiLdung Cbm This little grass ^ 
hopper is a uniform blue color, and exactly the same shade os the 
layer of stones. 

It would be tedious to mention nil the other examples* But I must 
refer to the high-altitude moths which frequent the moraines at 
feet. These resemble a species of tiny AnarUt* Their under 
surface is very conspicuous, but is concealed when the insect alights 
cm the rock. Their upper surface, on the other hand, is a mottled 
grey, which blends with the granite and the decompiling grit* 

Thus we see how important is protective coloration in the struggle 
for existence id these great heights. It is in the vast and open tracts, 
the deserts, the snows, the elevated wastes, that we have this prin 
ciple most lavishly displayed* The reason for protection of this 
kind m clean In the wilderness hiding places arc seldom available. 
There are no trees, no scrub, no profusion of gross in which the 
animals can conceal themselves when enemies approach* To avoid 
destruction they must seek evasion of some sort* Their only chance 
is to resemble their natural surroundings and escape by being passed 
unseen. 

I pass to another problem. How do the animals of these high 
altitudes adapt themselves to the physical conditions that exist? 
Consider first their reaction, to the wind. Titict is notorious for its 
fierce winds; The morning sun heats the surface of the plateau, the 
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hot air ri^es, and In order to fill the deficiency the wind sweeps down 
from the main range, Near our base camp we saw an excellent 
example of its force. The camp stood in a contracted gorge through 
which the wind poured down from the mountain to the plain. 
Hound about the camp were piles of boulders which the Kongbuk 
glacier had deposited in the gorge* Those bowlders were remark- 
ably eroded by the wind. Deep pita and furrows had been eaten 
into them; they were polished, and broad grooves had been cut into 
their surface, in places an inch in depth- They were composed of 
granite and recentEy deposited, yet from their windward side they 
looked like lumps of coral while their sheltered surface was ordi¬ 
narily smooth. 

J-et us see how the animals react to a wind which can eat into the 
granite rock. I he mammals fire often clothed in thicker coats of 
hair. We see this in the herds of domesticated goats, delightful 
little animals with long hair that hangs flown like a kilt around their 
Irgi** The Tibetan dogs are often thickly clothed. Some times we 
may isee them in the early summer shedding large patches of winter 
wooL Near Gautsn I saw pig? at 12,000 feet, and they were covered 
in u thick rusty-colored hair quite different from the half-naked 
animals of the plains The Tibetan hare has a dense coat, and it 
ascend.? to 1^000 feet* But the ordinary yak is the best example* 
Next its body is a layer of wool* Over "this is a hairy coat which 
Imhgs down like an apron from its huge body, especially around its 
legs. Its neck k provided with a sLrong mono, and behind it supports 
a large tail of thick and bushy hair. When the yak is grazing we sec 
the value of this coat. The animals like to feed with their backs to 
l3jc wind. Ihe thick tail then acts as u kind of wind^proof screen; 
the long hair around the hind legs adds to the shield, while the head, 
being kept low, is sheltered by the body and protected above by the 
hairy inane. 

Everywhere we see the birds adapting themselves to the wind. 
The Hide birds escajje it by getting behind obstacles. Thus we nften 
see the larks, the finches, the ground choughs feeding on the sheltered 
side of villages and walls. When in the open they persistently face 
the wind; if they stand across it they may literally he lifted off their 
feet The larger bird? follow a similar habit. The choughs face 
t a wm^ when feeding on the pastures; the ravens do likewise when 
scavenging for refuse ; the lammergeyer always heads it when de~ 
MUu. ittg or l nes. tlic kites persistently come round to windward 
before swooping down to take garbage from the ground. Those 
bl L rds ** liven round rocks and habitations creep into some shelter 
when the wmd blows. We aw the sparrows hiding in the holes of 
the houses, choughs getting into the lee of rocks, rose linches nestling 
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under ledges and stones. A {Treat unrulier of the birds make their 
nests in holes, and in this way shelter their offspring from the wind. 
The mountain finches and the ground chouglta place their nests in 
pika burrows, often at u great 'depth. The magpie builds an enor¬ 
mous nest. I think it serves the parent birds us u permanent shelter 
in addition to serving as it home for the young. The birds that build 
on the ground place their nests behind tufts. The short-toed lark 
showed in one case an interesting modification; it built a rampart 
of pebbles on the exposed side of its nest so as to protect the struc¬ 
ture hy an artificial wall. 

Certain of the butterflies show interesting adaptations, The 
Parnassus or Apollo butterflies are characteristic of high altitudes. 
In Tibet they haunt the passes up to 17,000 feet where the wind 
sweeps furiously across the range. They are capable of only feeble 
flight, and are easily carried along by a gale. They escape being 
swept away by their unwillingness to fly, except when the air is com¬ 
paratively still. Moreover, when disturbed, they made but short 
flights: also when they alight they choose sheltered nooks, anti 
their resting attitude is to spread their wings, pressing them down 
dose against the ground so as to offer the least resistance to the air. 
Furthermore, their wings are stiff and rigid and not likely to bo tom 
when being battered about- Also their bodies are clothed in fur, 
which must serve as a protection against both cold and wind. 

The Swallowtails and Vanes id a? also haunt the plateau. They 
used to come about our base camp at 17,000 feet. Rut these butterflies 
are particularly powerful fliers, and by their strength alone can con¬ 
tend with the wind. Other kinds live at slightly lower altitudes. 
There is a Mcliiea on the plateau which has the habits of the A polios. 
It escapes the wind in the same way by flattening itself tight against 
the ground. The Lycscnids like to keep in sheltered places. One 
kind gets into the tufts of vetches, another conceals itself in coarse 
press. The high-altitude moths that resemble Anarta adapt their 
habits to the fierce winds. They haunt the tracts of fallen rocks, 
the bare hills, and deposits of moraine. They fly about by day. 
alighting on the sand. When the wind is strong they enter clefts in 
the rocks or da? shelter between die stones. Their flight is swift 
and of short duration. When they alight they Irehave like the 
Apollo butterflies, flattening themselves with outstretched wings 
against the rode, thus offering the smallest obstruction to the wind. 

The Dipt era thot haunt the cliffs at 16,000 feet like to keep dose 
in amongst the stones and rocks. Moreover, they make only short 
quick flights. Their actions are more like the leaps of n grasshopper 
than the ordinary movements of a fly. There is one kind, a TacMnhl, 
76041—28 - 23 
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which haunts bowlders at the edge of the rivers. It has a black hairy 
body, a spitted abdomen, and grayish speckled wings. Now this fly 
seems Almost innipaihlu of flight, so reluctant is it to take to the air 
m a wirnh Its; habit is to seek for shelter bcneiiili bowlders, and, 
when these are upturned. it can lx? taker in the fingers, td lowing 
itself to be ruptured rather than escaping by flight. There is an¬ 
other kind of the genus Gan m which likes thorny hushes. It comes 
out on sunny mornings when the air is culm. But its flights are 
short, only a few feet, as if ii feared to trust itself to any distance in 
(he air. Moreover, it strives to keep within the shelter of the scrub. 
Hitting alnud from twig to twig or coming to rest on the sand be¬ 
neath, Thus it manages to evade the wind, partly by reason of its 
short flights ami partly by keeping within the scrub* 

Some of the digger wasps avoid the wind in the same way. They 
have learned lo keep dose in aumiig&t the bowlders, also make only 
quick short flights in order to avoid being swepi away. Many of the 
insects on the plateau are wingless. Numbers find continual shelter 
under stones. Grasshopper® umviuI to I8pW feet. But at this alti¬ 
tude they are minute and wingless and cseu[>e the wind hv their 
inability" to fly. The P&eudubrh beetles provide an interesting ex¬ 
ample. These beetles are conspicuous and brilliantly colored with 
alternate bands of black and red, They usually Jiang in clusters on 
the vetches, w here they feed on the young shoots and flowers. Watch 
I hem w hen a strong wind suddenly springs up. They let go their 
luiht and throw themselves to the ground. There they lie, nil nppar- 
eftlly dead. Each is nn its side; its head is Ix^nt id right angles to 
ts body; its sfitemuo are turned down wards j its legs are collected 
into a cluster and thrust out like lifeless tags. They all lie in the 
attitude of death like a crowd of corpses strewn over the ground* 
When the wind lessens they quickly revive, they run over the soil, 
regain the vegetation, and climb Imck to their places on the vetch. 

Thus wo observe that the Animals of high altitudes contend with 
the wind in many different ways. Some grow denser routs T others 
seek sheltered places, and there is a great tendency to burrow in the 
soil. Certain butterflies uud moths flaMeu themselves on the ground: 
many insects make only quick short flights: certain flies keep in 
amongst stones and hushes; high-altitude grasshoppers and other 
kinds are wingless: certain Wiles throw themselves for safety lo 
the ground. 

Let us pass to another phase in the struggle. How do the cm mm Is 
at high altitudes runtend with the .scarcity of food! The domestic 
animals show us how severe is the struggle. It is wonderful to see a 
herd of yaks gracing on the hillsides, To nil appearances the moun- 


UbK AT HTOH ALTITUDES -HiNOOTON 343 

tain is absolutely barren > yr| the ummuls manage pick up some 
food. When show is on lhr ground they dig through it to the vege¬ 
tation* The Tibetans said that they koth[h*<] up roots. I have seen 
them eating the fresh dung of a pony which had f>cen well fed on 
grass and grain. In April + when the grns> is just commencing to 
appear, the sheep struggle hard to obtain food, With their fare feet 
they dig into the soil and shuffle aside I ho superficial wand in order 
to get at the buried blade*. When fr>od is scam% the |H»nies do like- 
wise, I have seen them cutting up the ground with their hoofs in 
order to expose Hie hidden roots. Also they wade into icy hikes, 
where t hey feed on the water weed that grows up from beneath. 
The mules and donkeys will sometimes eat quantities of yak dun.g T 
which does not seem to do them any special harm. The pikas show 
an excellent example of husbandry* They store up quantities of 
seeds in their burrows to serve as a winter supply of food. 

The bills of certain birds seem specially suited for penetrating 
frozen soil. Thin is of importance for the insectivorous species T 
since tn winter, when the ground is bard, nit insects are hibernating 
underneath stones or in ihe superficial layer of the earth. Compare 
i he bill of the chough, un inhabitant of high altitudes, with that of 
its Lillies, ihr rook and crow. The chough V hill is proportionately 
longer and sharper and hotter fitted to penetrate the frozen soil, [t 
is also ttsed ns a kind of lever with winch the bird upturns the lumps 
of dung in order to reach the good thing* underneath. The ground 
chough is a delight ful Tibetan bird of u sand 3 * color that harmonizes 
with the roil. It is about the size of a lark, but is supplied with a 
long and powerful lull, slightly curved like that of a chough. Now 
this bill fulfils an important purpose. The bird is an insect feeder, 
and must find great difficulty in securing food during the cold 
months of the year. All insects arc then in 31 state of hibernation. 
Hut the ground chough ran dig them from their places of retirement. 
W e may often see the bird boring in the soil, driving its stout bill 
into the hard plateau until it finds the insects hidden underneath. 
Unless it hud this apodal instrument of excavation it could scarcely 
exist through the winter months. 

The larks supply another example. In India there are two kinds 
of CaJandra larks: One the Eastern (hi land rn lurk* which lives on 
the plains j the other the long-fulled Calandrn lark, which occupies 
the plateau of Tibet. They arc powerful birds of heavy build, and 
utter u loud call note when in flight. Compare the hills of these 
two species. That of the plain bird is comparatively small, aVuit 
four-fifths inch in length- That of the Tibetan bird is distinctly 
longer, its length being 1% inches. The longer bill of the Tibetan 
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bird is explained by its environment. It ploughs into the ground 
after tho manner of the ground chough, hammering the surface with 
its powerful bill and securing its food by boring into the soil. And 
since the soil is often frozen and difficult to penetrate, this species 
of the plateau must have a sharper hill than the closely allied species 
of the plains. 

That remarkable bird, the Ibis bill, provides on excellent example 
of haw the bill of a bird is adapted to its method of securing food. 
It is a high-altitude wader with a long bard and slender bill curved 
something like that of a curlew. This bird is met with in the moun¬ 
tain torrents that pour from Tibet into the Himalayan range. It 
specially likes those places whore the stream is broad and meanders 
through a bed of stones* There it runs about upon the layer of 
boulders, sometimes wading into the torrent up to its breast, thrust¬ 
ing its long bill under die stones In the hope of finding insects be¬ 
neath. Sometimes it curves its bill around the front of the stone, 
sometimes inserts it from one side. The bill is an excellent Instru¬ 
ment for this purpose. Were it straight, it would not suit the round- 
ness of the pebbles. Hie curve is a necessary feature of the 
implement, and is excellently adapted to the habits of the bird, for 
it is curved in such a way that it fits neatly around the boulders 
when the bird is probing for food. 

The peculiar environment of the Tibetan plateau has caused some 
of the high-altitude birds to change their customary habits of life. 
Some kinds, owing to tho absence of trees* have become almost 
exclusively village birds. Thus the tree sparrow is to be found near 
every habitation. The accentors* which usually haunt bushes, in 
Tibet live amongst houses and in streets; also the rose finches, which 
naturally like jungle* are frequently on the village walls. The 
magpies are like house crows in the way they keep to the villages, 
and, like choughs* they frequent precipitous cliffs* Many of the 
wildest birds have lost their sense of fear. The ruddy sheldrake 
and the bar-headed goose, which in India are amongst the most 
timid of birds, in Tibet sw im about the ponds near the villages as 
fearlessly as in a city park. The Mil pigeons fed as boldly at 
our Everest base camp as if they were the tame birds iu rt London 
street. We observe the same tameness in the case of some nf the 
mammals. Wild sheep* for example, are natural ly very timid, yet 
at the base coxnp they came within SO yards of nur tents, and they 
are said to visit the caves in the mountains, where they take food 
from the hermit^ hands. Thus we see how pliable is animal instinct. 
Tills usual tameness must be due to the absence of persecution, and 
shows that the sense of feur is not altogether innate, but is devclojjcd 
as a result of persecution by man. 
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Certain birds of the plateau have formed communities with other 
animals^ this being a help to them in securing food. The most inter¬ 
esting of these is the mouse hare community. The mouse hares 
are most engaging little animals about the size of a large rat They 
live in burrows on the open plateau, where they are usually seen feed¬ 
ing at the entrance or running from hole to hole. A number of birds 
associate with these mouse hares. Amongst them were three kinds 
of mountain finches and Elwetf horned lark. All these little birds 
were remarkably tame; there was a perfect confidence between them 
and the mouse hares, the whole making a charming society of pro- 
teetively colored mammals and birds. What is the object of this 
friendly association T It is one of the ways in which the birds of 
the plateau contend with the scarcity of food- For these birds are 
-eating species, ami find special attraction near the mouse hares 1 
holes, The mouse hares possess an instinctive forethought They 
store up a. winter supply of seeds, which they curry into their dens. 
But where storage takes place there must certainly bo some refuse. 
Little seeds will lie about in the vicinity of the burrows, and it is 
these waste fragments that attract the birds. Very possibly ihc birds 
□Iso pillage the mouse Imres, for we often observed them entering 
the holes. 

At greater heights, on iho almost barren mountains, n tass con - 
spicuoiis society may occasionally be seen* This is an association of 
choughs anti wild sheep. The chough site on the wild sheep’s back, 
where it searches for insecte in the anim&Fs hair. The sheep seems 
pleased with the bird's attention, and remains still while being 
explored. It is un interesting association at the highest altitudes. 
1 have seen it on the crumbling snow-clad slopes as high as !7,00u 
feet. Thus the stress of food at these elevations drives certain birds 
to :i_s$ociate with mouse hares; others to keep company with wild 
sheep. The wild sheep at high altitudes are continually displacing 
small rocks and stones* At different times my notice was first at¬ 
tracted to the animals by the clatter of stones falling down the slope* 
It is thus likely that these animals play no smalt part in the denuda¬ 
tion of high-altitude cliffs. 

I pass to another point, flow do the animals escape the cold of 
winter ( A number, of course, migrate to lower altitudes; but of 
those which remain, mosL go into hibernation and sleep the winter 
through* When we reached the plateau, early in April, we found 
it almost destitute of animal fife. Everything was hibernating 
underneath stones or in clefts of the rock or in the surface earth. 
The mite were hidden in subterranean galleries* Under stones were 
weevils quite motionlessj also carabid beetles so torpid that they 
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worn scarcely able to move. We found centipedes rolled into motion- 
loss unite* Bj>ider& Lying dormant in the interior of snail shells, ear¬ 
wigs in & sluggish state with their antuircir thrust back along their 
sides. Under so ran stones wore numbers of dead inaecta, m though 
many hud sought concealment in the autumn and died during the 
winter cold. 

Hibernation must be ei valuable protection to the animuSs. At the 
base tamp 1 made an artificial burrow like that in which the pikas 
aiv accustomed to hibernate. At n fool beneath the surface its tem¬ 
perature was almost uniform. From 8 n. m. to 0 p. m* it reniainetl 
at S3* F„ while during the same peri mi the temperature of the air 
varied through ISP F, Thus by burro wing the animals gain great 
ad vantage. They esraj>e extremes of temperature ami find uniform 
conditions. In winter they gain it even still more when they hiber¬ 
nate in the soil under thick snow* The conditions under a stone are 
also favorable for hibcrnalum, though not to the same extent as n 
burrow hi the soil. At an altitude of 17,000 feet the teni|x>mtiirc 
beneath a stone varied through only 12 e F. during the 24 hours* In 
l he same period (lie temperature of the air varied through 44* F. 
Thus the beetles, the spiders, and many other creatures gain mure 
cquahk conditions by hibernating tinder stories* 

The hot springs of Tibet supply a place of refuge in which 
aid mala can escape the cold, in one place we found these springs 
bubbling through the soil and flowing away in warm streams. The 
temperature of the water was 0O a F. A varied life inhabited these 
springs, chiefly Crustacea and different kinds of shells. The only 
snake from the Tibetan plateau that I know inhabits the hot springs. 
In my original report on the fauna of the plateau mention was made 
of small leeches found at u height of 10*000 feet. It was found, 
however, on more careful examination, (hut these little animals 
were in reality pkaariw 

In the struggle for existence at these great altitudes many animals 
lire driven lo extreme heights. It indicates liow relentless is the 
force of nature to spread into every habitable corner of the earth. 
The wild sheep and mountain hares struggle up the ranges even to 
the barren slopes at 17,000 feet. There is a little redstart which 
places its nest at the same inhospitable height. We found gnss- 
hoppers at ltf,000 feet, near the farthest limit of vegetable growth. 
Wa frequently saw the magnificent Iniiimergeyer soaring round the 
mou nlain at 20,000 feet. We found bees T moths, and butterflies at 
21,000 feet, spiders at SSyQOO feet, choughs at the immense height of 
27,000 feet. W e found traces of a permanent animal existence far 
above the Himalayan mow line and 4 ,Uhj feet uIhsto th. Iasi vege¬ 
table growth. These were small spiders, and are the highest exist- 
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ing animals cm the earth. They live in islands of broken rock sur¬ 
rounded by enow and ice. There is ms sign ot vegetation or living 
creature near them, ami for food they cat one another* 

Nothing illustrates better this high-altitude struggle than the 
manner in which animals secure a livelihood on tracts of snow and 
ice. We found im interesting fauna on the Bongbuk glacier sit an 
altitude of 17,000 feet. The surface: of this glacier was deeply fis¬ 
sured and to a large ex tent covered with broken rock. It seemed at 
first sight utterly barren, yet some grass grew amongst the rocky 
fragments* and patches of lichen appeared on the stones. Certain 
animals found existence in this desolation, I have seen a herd of 
wild sheep sitting on the glacier surrounded by pinnacles of ice and 
stones Certain birds used to frequent the icy tract. The snowcoek 
came down to it from the aides of the gorges, perhaps to lind a little 
food on the .surface moraine. I saw Quldenstudt’s redstart high up 
cn the glacier where nothing existed hut debris and ice* A little 
stint, while migrating through the gorge, halted fur a rest near a 
glacier pooh A tortoise-shell butterfly was sometimes seen on the 
glacier at 17.000 feet- A number of protectively colored moths used 
to live on its surface moraine* Hectics and small spiders found a 
shelter on it. It was die home of some minute flies. Even in the 
deep blue pools on the surface of the ice some creatures managed to 
secure a place. These pools were so cold that after sweeping them 
with a net the gauze remained frozen into a rigid bag* Yet in 
these pools were the lame of jj-rah stone flies and may dies* and 
other equally delicate lands skated uii the surface of the water* 

We may sum up with the impression I hat the struggle is tierce in 
the high altitudes of the Mount Everest region* We have seen that 
numbers escape death through protective coloration; that many 
kinds have devices for escaping the strong winds; that at certain 
seasons the struggle for focal is intense; that some birds are specially 
equipped to dig into the soil; that other birds are forced in change 
their habits of life* and some to form communities with mammals: 
that burrowing and hibernation arc the great resorts by which ani¬ 
mals escape the extreme cold; anil Anally that ihe ceaseless and 
relentless competition has driven animals to extreme altitudes, where 
they live above the snow line and on the surface of the glaciers in 
one nf the most inhospitable regions of the earth* 
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THE NEST OF TIIE INDIAN TAILOR BIRD 


Uy CisiEt A. Woou 


(WiUi fi plait‘d] 

Very few people have actually found a nest of Onhoiomug k, 
suturing (also known as Svtoriua g, suturia )—the Indian tailor bird. 
After reading one of the numerous descriptions of this wonderful 
structure published any time during the past century, the impres¬ 
sion is gained that its discovery is an everyday occurrence. Investi¬ 
gation, however, reveals the fact that those who have lived for a long 
lime in n compound where these pretty little wren-like birds are seen 
every day and in whose gardens they are known to breed, have never 
discovered a nest or oven the tree where it was built. A number of 
amateur ornithologists who have studied tlie habits of these birds 
have told me that they failed to find the nests in spite of a careful 
search for them. To emphasise this peculiarity the birds seemed 
quite tame and raised one or more yearly broods under their verv 
eyes. 

The well-known writer on natural history, Capt* W. W. A. Phil¬ 
lips, to whom I am indebted for one of the nests figured in this 
paper, writes me. ‘‘This is the first tailor bird’s nest I have found 
during a residence of nine years in Ceylon. The species is common 
enough but is such un adept at concealing its nest that it is very diffi¬ 
cult. to find it. The sample I sent you was discovered only because 
I observed the birds frequently in the vicinity of the bush.” 

The main reason that the nest is difficult to find is that it is built 
in the midst of thick foliage which is very little disturbed by the 
opera Lion of nest building. In con sequence it is almost impossible to 
separate, visually, the components of the nest from the surrounding 
leaves. Moreover—and this is important—the leaves used by the 
bird are always apposed so that only their upper surfaces are ex¬ 
posed. There is no contrasting of upper and under surfaces to at¬ 
tract the eye. Nor is there generally any alteration in the direction 
of the leaves; if they have a natural downward disposition, the nest 
is also i hum lent. If the foliage stands out horizontally the nest 
shows the same direction. To complete tins camouflage, perforation 
of the leaf by the bird’s beak rarely kills it, so that there is little or 
no dead foliage to indicate the probable whereabouts of Lhe nest. A 
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lin^l reason why more nests me not discovered is that they probably 
do not lioJd together mure than a few weeks after desertion by the 
birds, 'fbe Leaves composing the nests die and -shrivel up or may fall 
oiT. Soon the neglected cornucopia- like structure disintegrates under 
the influence of wind and weather; it does not remain and become 
visible for a year or so—as many nests do— for the bandit of the 
collector* 

The impression that the nest of the tailor bird is more common 
than it really is arises in part from mistaking cither structures for it 
For example* the ashy wren warbler, Prinia mrkfi ur, occasionally 
builds a nest that kw>ks like that of the tailor bird; and there are 
other lords- nests that externally resemble it. However, the struc¬ 
ture that commonly passes for the nest of OrtAotontw is a small- 
si acd 1 muse of the red ant, winch is made of leaves whose edges are 
brought together and held in place by means of glutinous silk secreted 
by the ant it.-ulf.. Many a time have I been shown an alleged nest 
n f the tailor bird wddeh was really built by 11 1 1 m remarkable insect. 

1 congratulate mysrlf. accordingly, on having seen n recently eon- 
strutted ne^t built in a tree where I could study it a! my leisure. I 
was spending :i few days at Sigiriya* in the jungle of northeastern 
t Wloit, studying the remarkable flora and fauna of (hat district. 
The rest house where I lived had several plants flanking Hie front 
entrance* one of them a year oh! Sapu (,f/e 'ht /m rluim-pa*'a) seedling 
about 7 feet high* planted in that ever-useful container— a kerosene 
tin. These fast -growing sapiis always make effective ornamental 
shrubs, with their large lanceolate leaves and sweet-scented* creamy - 
white flowers. Although people constantly passed wit lun a few feet 
of the Nif hrUa* not until the small birds were noticed flying in and 
out of the foliage w as it suspected that they were nest building, 
f hie day the rest'house keeper noticed that one leaf of the small npri 
was marked with white dots and, while examining it more dowdy, 
he saw a tailor bird fly from behind it. Having marked ths fc exact 
spot he was able to locate the nest and to watch the processes of rais¬ 
ing the family of two small tailors. It was quite shortly after the 
birds hud left the nest that I saw il 

fh'th&ttemux sutorius, which we inay translate * the si might-cutting 
tailor,* 11 loves to dwell in gardens anti in the vicinity of hitman Mbi- 
Eat bns, hut it is also found in the gross lands and jungle scrub of 
Gey 1 1 m. J h i r m a , an s l I nd E a. Tl lose 3 i vely, ye I low -green „ sh a r [>-l i i 1 in 1, 
wren liki- birds generally go about in pair% building their nests 
rarely more than 5 feet from the ground in trees provided with Jong 
and rather broad leaven, 'The females are sm alter than the mates. 
Both, when out of rhe breeding season, have short tails and present 
w “booty " appearance, hot during nidUication the male grows a re¬ 
markably long tail wtdrh he flirts about with great effect and takes 
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on ei[L the airs urn! graces of the true wren* rapidly sounding fata clear 
double nute, * b te -wcet, tv-weet t tp so that all the world may hear. 

Except as a wedding garment one can hardly understand the use 
of the lung toil of the male ttutorht^ especially as he is a good hus¬ 
band and tikes a great interest in the raising of the family. When 
it is Ids turn to sit on s nr in, the pocket-like nest he presents a must 
curious appearance; his long tail must perforce he applied all along 
his buck so that si and his beak almost meet* surely an uncomfortable 
position for a long siesta* 

When she (because only the female bird constructs the nest) nm 
find them, the tailor bird prefers certKiin favorite trees for build tug 
her nest Among these is the so-called lettuce tree* P&sonia aiha, 
from the iippearaiH* of it* pale yellow foliage and because the leaves 
are sometimes usml as n salad* This is a small evergreen from 25 to 
*'u feet high. I hiu irmi and other umbrageous trees are also utilized. 

If the tree rhu^n has very long and large leaves Lhe bird may Ije 
satisfied with a single leaf* or at most two leaver; if the leaves are 
of medium size or small a larger i lumber are sewn or riveted together. 

Dew or. in his work mi Birds of the Indian Plains, details the mn- 
struct ion of a rsesl by the tailor bird from a single lea f, as witnessed 
by Mr. A. G Pintn r Some uf the operations he Lkw/ribe* are quite 
apparent in the Slgiriya nest* some ate not 

The first thin# A:<- 1 9Ni was to make wl th Iter sharp tittle l*«ak ji number of 
puncture?; along each eilse of the leaf. Having ikna itrepnriKl the leaf, she 
iUsaiiiwareil ft?r ti Utile and relumed with a s Era ml of uutiweii, One end of 
thb she w'MLknd round the narrow jwart uf the leaf ihul setaratfld one of the 
punctures from ihe edge; having dime thin, she carried the louse cud of riio 
sdraml across the under surface of the leaf to a puncture un the *tiU% 

where she n inched It to the leaf, and thus drew the edcos it (litle way to¬ 
gether. She then proceeded to connect most of the other punctures with th'^e 
i^jhjmLeu them. so that the leaf took the furim of a tunnel convertsnjr to a 
|KiLht. The miller surface of the leaf formed the root and setdes of the tunnel 
or arch. There was no floor to tills, since the edges of the leaf (ltd not meet 
lu&nw* I he ffap lp*!mtn them tedns bridged by strands of cobweb. 

When Liii luc the nest, the bird made a numhor of puncture* in I he body of 
site leaf, throntfi which wlm pnkod the lining with tier tank, the object being to 
keep the lining fu *itu> All this time the margins of the leaf that formed the 
WMt had been held fugelbcr hy the thinnest stratuli of <fobweh p and it 1 h a 
myAterj how three can have stood lhe strain. However, before the ILuLim was 
completed, fcho bird pri^^eded to NtrenEthen^them by conni^tJii^ the puncture* 
nn opiKPHiio ftip's of the leaf with threads of cotton. Her muilu# ojwjuwdi was 
to push one end uf a thread through n puncture on the upjKxito ulm- of ihr 
leaf. The cut tun us+hmJ I* soft nod frays easily. so that the part of ll forced 
Ihroiueh a. tiny aperture Issues as a fluffy ktieb r which looks like a knot nod 
in unuatty taken an such. A* a matter uf fact* the bird makes no knots; #he 
merely forces a portion uf the culton strand through a puncture, and the 
siSh-Mia of flic leaf catcher the streada of cotton and prevent! them from 
sllpplti^. Humet lines the col ion threads are Long eunuch to admit of thUr 
Lh^Kh^ puwd to and fro, in whleli case Hie bird uses ihr full length. 
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I may say, in passing, that I have never known the tailor bird— 
i Mil ike the architect of the quite as wonderful weaver bird*s neat—to 
breed in captivity, or to make a good cage or aviary pet. 

To return to my treasure trove—the nest at Sigiriya—it occupied 
a position in tho very center of the Sup u ? 4 { /g feet front the ground. 
It was made of three bug, lanceolate. horisom ally-placed leaves, 
measuring respectively 12 by 3 inches. La by 8^ indies, and 12% by 
3 inches. It measured quite 3 indies at the widest and 2% at the 
narrowest diameter. The whole nest took the form of an irregular 
cornucopia. The cup cavity was lined more or less completely for n 
distance of 7% indies from the tip, thus leaving about 2 inches to 
the free e Jge of the horn* The lining of the nest varied in thickness, 
but was quite half un inch in some sectors of the cornucopia. The 
materia! n*ed in upholstering the nest was mostly the cot ton-like 
material taker! from a neighboring species of Euphorbia, w hose seeds 
are provided with a dosed umbrella-1ike tuft of soft, shiny fillers. 
There were in mlditSou a few threads, some dried grass* coconut 
fibers (probably from the house units), two small feathers, and some 
black huh*. The htsj: named were probably from bullocks m no 
burse hud hron s- t ii in Sigirha for over a year. There was also 
among the lining materials some kapok, or native tree cottons* the 
silk cotton tree [Ceiba pmkmdru ) and tied cot Urn tree 
vwiabaricurn ), Both those flosses were available in the neighbor¬ 
hood and are modi used by birds for lining ru-,-t*. 

The solidarity of the nest nr a whole was increased by the arrange¬ 
ment of the fibrous material in the lining, the coconut fibers dried 
gras*. and feathers being interwoven to form rings or bands that 
ran around and were fitted into the interior of the cornucopia, the 
cotton fins* lining the cup cavity and padding the space below it. 

Most writers on the subject speak of the act of sewing as ihe chief 
means employed by the tailor bird on the leaves that cover her nest, 
hut them were (as will he seen) but few’ signs of this method m 
the Sigiriyu n-sL Close investigation of the free end of the leaf 
pocket shows that a shred of fiber from the cotton mass had been 
drawn through each of the small marginal openings and that these 
strands had spread out as dot-like buttons on the exterior of lhe leaf, 
preventing the cotton from slipping back. In this way the margins 
of the leaf hud been drawn together by a son of cross-riveting, that 
jibo welded leaf edges, nest lining, and tin; cotton mass together as 
one whole. The same process is kcr all over the outer surfed of 
the joined leaves. 

iiic bird makes with her %-inch bill a puncture in the leaf, grasps 
a strand of nest lining, pulls it out through the small opening until 
ihi 1 mass of which it forms a part is firmly drawn against the inner 
surface of the leaf. I he esternal cotton then expand* and forms a 



NEST OF INDIAN TAT1.0K BIRD—WOO0 


353 


minute button thnt effectively holds the leaf und nest contents in 
dose apposition. When the riveting has been repeated, as in 75 
places on the Sigiriya nest, it holds firmly. In this nest the Euphor¬ 
bia cotton made excellent rivets for holding the leaves in position. 

The Euphorbia pod is filled with seeds attached to a small plume 
of compressed floss. If hen the seed is detached there remains a 
minute umbilicus that holds the cotton fibers together. It was fre¬ 
quently this coherent plume whose seed the bird pulled—end on— 
through the opening made in the leaf. Once through the aperture 
it expanded and held in place the remainder of the cotton, with its 
attachments to the nest lining. 

If we number the three leaves that formed the casing of the nest, 
leaf I had by careful count 20 holes through which a tuft of cotton 
had been drawn, while 9 had been unused. Leaf II had 25 filled 
and 0 unoccupied perforations; while leaf III had no less than 31 
filled and 14 empty holes. 

Where the leaf edges touched* the perforations* both filled and un¬ 
filled were placed a quarter of an inch apart These marginal holes 
were more numerous, as in the body of the leaf, on leaf II and leaf 
III. the latter showing 8 filled and 5 empty perforations, while the 
former had occupied and 8 unoccupied. 

It may be said in explanation of the mann er in which the female 
tailor fashions her nest that there are four distinct processes em¬ 
ployed in binding together leaves and nest—sowing* rivetting, lacing, 
and matting. 

The nearest approach t© sewing occurred in three or four instances 
when the out-drawn strand was not that nearest lhe perforation but 
was seized beneath the farther leaf and riveted into the neighboring 
leal Such an arrangement gave the appearance of etitching the 
edge of one leaf to the margin of the other. This appearance may 
he seen in one of the photographs. 

In one of the earliest descriptions given of the tailor bird's nest* 
Jerdon* a most acuta and careful observer, says the bird makes a 
knot in the silk or cotton to keep it in place. Now, the most minute 
survey of the external surface of the three leaves fails fdmw the 
slightest approach to such a device, and it may lie added that the 
expanded, button-like process in the instances described raemrd to fvn- 
ehor the nest ma^aseffectually as if it had Ik™ tied in a regular knot* 

The second nest of the tailor bird was mu do from a single leaf* 
This was the fine presented to me by Captain Phillips, of Kitnlgalft, 
Ceylon, August 1* IE25. Ho found it. June* I‘>25* in the middle of 
a croton bush, 3 feet from the ground. It is evidently an unfinished 
nest and in early stages of construction, but shows very plainly the 
processes commonly employed in nest building* The leaf itself b 
8*4 inches long and 8 inches at its widest part. The interior 
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meuMi \ *‘r- indie* m diameter at the nm* tapering in the end so 

that the length of the unoccupied nip is alxiut <■ inches* U was 
built in one of the large, broad, yellow-hInfcched, cordate leaves of 
the parasitic rreeper. Pathos aureux, or u CoJornbo agent/ 1 This 
epiphyte was introduced from the Solomon Islands and is- now quite 
a common plant in Ceylon, 

As shown in the photograph, the bird lias made Is; perforations 
on the edge of the left half of Lhc leaf, none of them more than one- 
quarter of an inch from the margin; there are IT holes on the other 
edge. These «q tellings were placed within 4U inches of the edge on 
both sides—leaving free Ixirders above and below* As shown by a 
powerful glass, about ones half (he perforations on either side are 
occupied by threads of various sorts. From above downward three 
perforations on one side and four on the other were drawn together 
by a single hue liber thal was firmly attached to the leaf margin by 
winding it around the free border of the leaf. The very thin thread 
al first appeared to be spider's silk, but a dose examination hy means 
of the lens and a dissecting needle proved it to be a itundi stronger 
fiber—iiko shat of an agave nr a disintegrate! cnconui filler. This 
wehdike thread was then passed five times across I he interval in the 
upper borders of the apposed leaf edges, and firmly anchored ai 
ihe four openings by winding it in and out a round the leafy bridge 
made by the perforation near the leaf margin. To consolidate this 
purr of the interlacing a sliver of dried grass was worked in (see 
i b r p hoto) jo■ n the inton nargin hi open iiig. 

At this point the two leaf edges overlap, and the next four open¬ 
ings are superimposed so as to allow the passage of small shreds 
of rot ton, pulled through both holes and tufted down. Several gras- 
and other coarse fibers were now placed beneath the overlapping leaf 
edge, and through two i*rforatiens in the latter arc run sarong 
threads that pass through the mi mite bundle of fillers to the opposite 
openings and back again-—a combination of stitching and hieing. 

The last two holes are held in apposition with the margins of the 
corresponding leaf edges by threads that, were evidently drawn 
taut by a sort of pul Icy-like motion so thaL ihis apposition of the 
edges is as firm ns any pairt of the stitching. 

Constructed in tins fashion the infolded leaf presents a remark¬ 
ably regular horn of plenty with its rounded* outer surface pre¬ 
dated to the observer, and showing no trace of tailoring that had 
gone on in the unexposed margins. 

Captain Phillips thinks that occasionally these incomplete sti in- 
tnrcE do noL pbeyond the stage of invagination, but that the 
infolded leaf is used n. shelter for the turd awaiting lus or her turn 
to occupy the near-by nest, just as some observers believe the weaver 
bird uses his “canopy n for the same purpose. 
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Tailor Bird's nest as It Appeared ■* the Mikt of Foliage 
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Plate 2 



Tailor Bird's NesT, With the Sljrroundihq leaves Removed 
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Plate 3 



PhOtoaflAPH Of a Tailor Bird s nest, to Show the Method of rivet 

INC THE LEAVES TO THE NEST UH\HO 
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Plate 4 



Taploa Birds Nest, Swwinq the Uwiho of Cotton, Etc, 
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PLATE 5 



Taildr Bird's nest Made from a Single Leaf. Note the Sewiho 

AND LACING 














THE NEEDS OF THE WORLD AS T( i ENT(JMOLOG V 1 


Llj* h. O. BqWauu 


I have chosen an ambitious and rather sweeping title for this 
address. It would rmtke a good title for a book, 1 may possibly use 
it as a title for a book I have been preparing for some time, It will 
servo my present purpose, however, lo head mm ■ thoughts that have 
coine to me after about GO years nf greater or less attention to insects. 

Not so many years ago this would have been considered a mixed 
audience, nn audience surely at one in that all are interested in ento¬ 
mology, yet mixed since it contains suv stigators whose sole aim is 
apparently the study of this vnsl assemblage of extraordinary forms 
of life in some one or several of its aspects from that ennobled curi¬ 
osity which lies at the bottom of m much valuable scientific re¬ 
search—the effort in answer the continual questions ^why 1 " and 
* s hnw M -—ami since it contains also iiivesUptlnrs who ure striving to 
overcome the agencies which are destroying many of the vital needs 
of the human sjH'cies. 

Rut now it is coming fully to be recognized by ail of us who arc 
working with insects that, while the man who is trying to supply 
Immediate relief from great loss fay the moat immeillatf measures 
is the man for the immediate emergency, every man who studies 
insects and who records his results is doing greatly needed work and 
work that sooner or later will help to lend to 11 close understanding 
nf insect life which may bring about its Control by rmin. 

I will not speak here of the rapidly increasing appreciation by 
the intelligent part of the public of the tr; mendmis importance of 
entomological work; but of another fact, which is that, in spite of 
the good we have done and are now doing, month by month the 
insect problem becomes more serious, tt is far more serious to-day 
than it w^as 30 years ago, although the workers in economic ento¬ 
mology have doubled in that time and the money expended in 
entomological investigations has probably trebled- It is enormously 
more serious than it was 50 years ago when a mere handful of men 
were laying the groundwork for our rapidly growing structure. 

*Aqnam! Addrm twfnri? t&r Enf&tit&logfcal Otwlfty &f Anvrlfji. WWilhistHm* Pr^ftitK-r 
Bl. 1W4. H*|iri*te4 by twrrat**ii>n fmOl Annuls of tb£ Etitnfflal nj-tm? J gfH&tj of Aurics, 

Voli XVITT, Nft. I. ilsreb, U3-3. 
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Tliis may look to the carper or to one who loves to chuff his ento¬ 
mologist friends as a possible case of cause and effect—the more 
entomologists, the more insects and insect damage! But in the 
knowing mind it Is perfectly obvious that, just at the time wh n the 
crisis of overpopulation of the earth is approaching, just at the time 
when the total human food supply must rapidly he increased, the 
multiplication, of injurious Insects is helped in a way by the very 
methods man has adopted in his civilized life! 

Instance after instance hi illustration of this fact will occur to 
you. Let us look at the cotton boll weevil. Here is a species that 
gradually d vcloped its dom adaptations to cotton in Central 
America where the cotton tree grows wild. It was a nearly unknown 
creature of flight economic importance. Brought by accident across 
(he Kio Grande al Brownsville, and then more or less by accident 
to Alice, it found itself In a boll weevil heaven—a whole State 
growing its favorite food, and growing it in just the way to moke 
life a delight, in just the way to promote to the utmost limit its 
extraordinary powers of multi plication, and so its enormous pru- 
archive spread until now the whole vast Cotton Belt is occupied. 
Incidentally it may be said that all this might have been prevented 
had the advice of entomologists been followed in the beginning, and 
ihat at a later date the spread might greatly have been retarded 
and the damage very greatly lessened had the Southern cotton 
planters generally heeded the advice of the experts. 

This will answer as an illustration in regard to agriculture* 
With regard Jo human health the same conditions hold. For ex¬ 
ample, it may be shown that the advance of civilization in a new 
country at first reduces malaria, by the drainage of swamp areas 
and the reclaiming of moist “bad lands u for agriculture, only to 
he followed, os the country becomes densely settled, by the reap¬ 
pearance of malnria T since man has made new and even bettor 
breeding places for the malaria] mosquitoes than were the old 
swamps: the making of in ill dams, of stone quarries, the stopping 
of extremely small streams of running water by railway embank¬ 
ments, the digging of borrow pits, the accumulation of old tin cans 
and disused vessels of one sort or another about towns, even the 
footprints of cattle in soil that is not too dry T espeoiallv during a 
rainy season, and in counties other ways, such ns water troughs for 
cattle, small ornamental ponds for aquatic plants, the water recep¬ 
tacles for grtuflstones, poorly-protected cesspools, imperfeetlv- 
covered water tanks, the catch basins of sewer systems, the badly- 
pared-for roof troughs of houses and barns, oven the [>erfectcd and 
up-to-date water-closets in houses temporarily vacated, and so on 
and so on. 
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Attention has often been called lo tli-e increasing spread of in¬ 
jurious insects from country to country by the rapidly increasing 
speed of ocean voyages. Our latter-day Japanese beetle and Euro¬ 
pean corn borer inspectors appreciate as can no one else how the 
hundreds of thousands of automobiles and our greatly improved 
roads help the spread of these and many other pests. As early os 
rhe peace conference at Portsmouth at the close of the Russo- 
Japanese War. when thousands of vehicles from regions infested 
by the gipsy and brown-tail moths brought their loads of sightseers 
to Portsmouth, there resulted sin immediate extension of the range 
of these imported pcsta. And when T* Chalmers Mitchell and his 
companions attempted to fly from Cairo to the Cape u few years 
ago- the possibilities of the airplane as a spreader of insects was 
demonstrated, as I heard Mite full state at a meeting of the 
Zoological Society of London in 1990* 

So whai m termed iC adwmcitkg civUwUion n is turf only me&ur- 
Offing insects to multiply almost beyond boa ruts, but it is facilitating 
and hastening their spread in many i ray8. 

In the face, of all this f what we have done and what we are doing* 
much as we have accomplished* especially during the past 20 years, 
is a trifle—a comparatively insignificant series of things done and 
learned compared to what we have still to do and to learn. 

Tn the first place we must have the public behind us. The public 
must be made lo appreciate the fart that it is a vital necessity to the 
future of humanity that we should learn everything about Insects; 
that keen and highly trained men should lie studying every aspect 
of insect life, and that chemists, engineers, plant physiologists, bac¬ 
teriologists, and scientific men of many special ties must be called in. 
They mu&t learn that the study of no aspect of insect life is a trivial 
pursuit, as their fathers thought, and they mm t learn that the ento¬ 
mologists are the men on whom the world must depend for much of 
its future prosperity. 

This education of the public is going on rapidly, but we must 
help to speed it up. A number of strong w riters in the newspapers 
and in the magazines have found the topic attractive and interesting. 
Many of us have grasped opportunities to address lay audiences of 
all kinds on the general subject* and all of us who can speak more 
or less forcefully in public must never losy-j a chance to drive this 
particular lesson home. 

Incidentally there is an enormous opportunity in the teachers 1 
college in the great summer sessions of such institutions as the 
Teachers College of Columbia University in New York, for example* 
where 12*000 teachers from all over (lie United States come together 
TflOH—20-24 
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hungering for information to take back to their hundreds of thou¬ 
sands of p■!pits everywhere. 

Many of you may have not Seed that a committee u on the place 
of the sciences in education has been constituted by the American 
Association for the Advancement of Science, This committee in¬ 
cludes representatives of high schools as well n.s of universities and 
others. There is a place under this committed for the consideration 
of secondary school science. In an article by Dr. O- IV. Caldwell, 
in the journal Science for December V2 last* there is much informa¬ 
tion regarding the teaching of science. A significant table, for 
examples is given of the distribution of over 47,000 high school 
pupils in Washington in this different subjects in which they were 
enrolled. Of n total of Gfft32 in science* 1*001 were enrolled in 
zoology. Here, obviously, is an opportunity for the stressing of 
the duty of teachers to include work in entomology, and the repre- 
tentative committee in charge of this subject should add an ento¬ 
mologist to its members as a preliminary step to the securing* not 
only in high schools, but in secondary schneds as well* of such in¬ 
struction in entomology us will arouse the interest of boys and girls 
in entomology and make them realize its enormous importance. 

f am perfectly aw are that what I have just said may sound as 
though it were intended for economic entomologists only* but I 
must emphasize again and again that there is no entomologist, 
whatever his line of work, who is not concerned and who is not 
helping very greatly. 

Next to the education of the public, the number of workers must 
very greatly be increased; nnd public education will undoubtedly lead 
to tins increase* smee, by the stimulation of (he interest of the people, 
the minds of capable young men tmd young women will lie open to 
the call for service, funds will come from legislative bodies, and 
(he way will be opened. 

With the education of the public should come (and I hope it will) 
a great increase in live number of so-called amateur entomologists. 
We all know that men of this class have done magnificent work in 
the past; that in fad they did the bulk of the work down tn compara¬ 
tively recent years, and that they still constitute a Very large per¬ 
centage of the numbers of most of the great entomological societies. 

How many so-called entomologists an? there now ? It is di Hi cult 
to say* In the last edition of Cattell's “American Men of Science n 
there are approximately 9 # 5ofl names. Of these, *217 are recorded as 
entomologists!. I have recently estimated the number of members of 
the large publishing entomological societies of the world and find 
that they probably reach over 6 t 000 and of these mure thrin 2,000 
are American. This latter number must be reduced, however, on 
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account of tltc fuel that so many individuals belong to two or more 
of our societies—notably the Entomological Society of America 
and the American Association of Economic Entomologists In the 
1024 edition of Cassino ? s Naturalists' Directory, which includes si I 
kinds of collectors, teachers, and so on, there are approximately 
4,4fH) names* I have checked the names of those indicating any in¬ 
terest in entomology and they number 923. 

But this stimulation of popular interest must go farther than the 
man in the street—the Leverage citizen; it must uncloister our schools 
and colleges, not alone the minds of the students, but especially the 
minds of the teachers. The insect complex should receive the prime 
attention of a vastly greater burly of t ruined research men in the 
universities. 

In my presidential address before the American Association for 
the Advancement of Science in December* 192], I staled that I bad 
examined the titles of theses for doctorates in American universities 
for the preceding eight years and found that only a very small per¬ 
centage of the output li represents work which can be of the slightest 
use to humanity in its immediate problem regarding the in^ct world, 
and, even those which may prove of use, bear some evidence that 
the lines of study had nlready been adopted by students who used 
them incidentally to gain their degrees and were not suggested by 
their teachers m promising lines leading toward some great prac¬ 
tical outcome.” 

I have recently examined the titles for theses for the doctorate 
degree In American universities for 1D22, and find that of 442 such 
theses 39 concern zoology* Of these 39, 19 were concerned with 
insects, which is apparently an improvement on the earlier situation; 
but of these, 5 were papers on genetics in which Drosophila was 
used, and only € of them bad any apparent economic bearing. The 
other B, however, represented good, sound work, and the results of 
the investigations on which they were based undoubtedly will help 
in nur broad aim to understand the insect class. 

Dissatisfied ns I am with this small proportion among the zoolog¬ 
ical theses, l am naturally equally disappointed in the small pro- 
portion of theses that concern any asjsect of zoology, and I am 
disappointed at the small number of nil of the theses fnr doctorates. 
The time h coming—and we must do all that we can to hasten it— 
when not only will research students be at work in our universities 
in much greater numbers, but when those applying themselves to 
entomological subjects will be multiplied many limes. 

In ifiis broader teaming of the coming workers in entomology 
the latest conceptions in biology and the latest methods will become 
known to them and will influence their work. We see this coming 
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rapidly to-dav, The mathematical trend in biological work has not 
been sufficientIv noted by many entomologists. We can not nfford to 
neglect this movement. If we do neglect it we will lose the Mgnih* 
canoe of much of the research literature of biology, and in our own 
work will lose the good to be gained from these mathema « 

This has naturally led up beyond the discussion of the needed m- 
trFUSti m numbers amnnj* the entomologists into the ucc< 01 
broader and sounder training. And this in turn will lead us to a 
consideration of the direction of this research training and the 
vast opportunities which exist for the most important research. 
To do this properly we must know comprehensively where we 
stand to-day. 


In morphology we are most fortunate at this present moment 
to have at bund (only a month from the prej-s) that magnificent 
“Introduction to Entomology n by Comstock, its thousand pages 
displaying this side of entomological accomplishment to date, the 
result of long years of close and careful work by ti great student 

and teacher. , 

I have used the term 14 morphology,” In referring to this great 
work, as including esternal and internal anatomy and taxonomy. 
Physiological information occurs frequently in the consideration 
of anatomical points, and embryological data are touched upon here 
and there. In the consideration of metamorphose* also the treat¬ 
ment is broad beyond the usual understanding of the term *' morph¬ 
ology and habits, behavior, life history data, and points suggest¬ 
ing ecological work are touched all through the bulk of the I took - 
So'in a big way this “ Introduction ’’ is murh more than an intro¬ 
duction to entomology: it is an introduction to the new' entomology 
that is to come. We may take it as a starting point from which to 
proceed, just as the older entomologists took 11 cstwood s famous 

Introduction ” and, later, Sharp’s “ Inwectn,' and as the men of 
the generation of 'Walsh and Riley ami I homos and I/ 1 Baron 
took the classic “Insects Injurious to Vegetation” by our own 
Tlifiddcus William Harris. 

Before leaving the subject of morphology, attention should be 
called to the advanced and most competent work of Snodgrass, 
some of which is already available and much more will soon be 
available. Comstock’s mention of tbe work of this gifted ento¬ 
mologist, on page 2Qfi of the now “ Introduction,” is a deserved and 
gracious art of the veteran. 


I think that the subject that has been most in the minds of 
many of us in recent years lias been insect physiology. After scores 
of years of work by brilliant men, our knowledge of the physiology 
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of the human specie still has many gaps. How much more, there¬ 
fore, with its pitifully small number of workers, is there to be 
learned about insect physiology! fundamentally radically dif¬ 
ferent from the vertebrate structurally, how importantly must their 
physiology differ! And upon their physiology as greatly as upon 
Lheir structure must their behavior depend. In the main, we know 
what they do only ns it affects our interests. We must know every¬ 
thing that they do and why and how they do it, Here physiology 
is basic. To understand their reactions, to be able intelligently 
to explain their trop'isms, we must know how they direct their 
movements, how they communicate, how they hear, how they see, 
how they digest their food, and the scores of other things upon 
which a complete knowledge of their physiology would throw 

light, . , 

I think it is quite certain that this is the largest as it is surely 
the most important of the comparatively unexplored licit Ik in en¬ 
tomology. What information there is exiitls in scattered papers 
in many languages, and many of the investigations in so-called 
physiology are really little more than studies of internal anatomy 
in which the histology' of organs is considered from a more or less 
comparative point of view. Enlightening work has been done on 
ihe structure of the sense organs, notably that of Melndoo on the 
n]factory organs of insects of several different orders. But phys¬ 
iology in general from its experimental and chemical aspects has 
hardly been touched. Such studies as have been made are not as¬ 
sembled so that we can readily know where we stand. Although 
the lirst part of Packard’s text book is entitled “Morphology and 
Physiology,*’ and covers over &UO pages, it is almost wholly an atom i- 
lul, and it is iili years old. 

One of i he greatest and most important fields in human phys¬ 
iology and in that of domestic animals, and one which is being 
most intensively worked, is that of nutrition. What do we know 
about the food elements necessary to insectsi And just how i* 
this food utilized 1 Here is a held which is crying for investigation 
br the Last trained men, using the most advanced methods and 
able, in fact, to invent new methods—men of the genius of Krogh, 
of Denmark, for example. 

As already indicated, upon our knowledge of the physiology of 
insects must depend our understanding of their tropisms. and upon 
a dear understanding of these tropisms will depend many of our 
future methods of warfare, 

When we speak of troplains and behavior we are touching upon 
what stands for psychology with Insects, Recently, in the World 
War, we have hud a striking example of the enormous handicap to 
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ii battling nation of a lack of understanding of the psychology oi 
its antagonists, f t is a far cry from the varying psychology of the 
different races of human beings to the Vastly different psychology of 
insects. But how important it is to attempt ut least to understand 
auch psychology' as they possess, and how little do we know about it 
nowl But we have a beginning. Bouvmr’s admirable "La Vie 
psychique dtt Inserts" brings together what we know now, and 
therefore form- a starting point for experimental work and study 
which may lead to important results. 

The psychology of insects, of course, brings us at once to the 
disputed borderland of instinct and intelligence. We are none of 
us ready to adopt Ferencsy’a disaificatory name for the human 
species (Hama immoral** semmtpim$) us contrasted with his ant 
name (Formtea sapient dUujtw), nor do wo misunderstand 
Wheeler’s AxqiiUitti satire tm hunmn society which lie entitle *Ter- 
miiodosH. but, for want of a better name, we may call psychological 
a lot of insect phenomena which need investigation. 

Insects are controlled by nature very much better and more 
effectively than by nmn himself—assuming tlint man's efforts arc 
not a part of mimic (as they surely arc, since man is a true ecological 
factor). Many more insects are destroyed by their parasites <if ^dif¬ 
ferent kinds and by their other natural enemies than arc destroyed 
by man. In fact, man has realty been making things easy for the 
insects—he has been facilitating the multiplication and spread of 
bis own worst enemies, and at die same time be has been groaning 
and complaining and suffering from ihe effects of his own sTupidity. 

The trite words “going back to nature !f have an especial signib- 
aime in this connection. We can not go back to nature, in a way. 
if we wish to preserve our rank us the dominant species and still 
keep on increasing all the time. Wo must continue to “ upset the 
balance ” and keep on upsetting it more and more if we are to feed 
our increasing millions. We must control all possible food resources 
Bui we must get back to nature in so fur that wo must study all these 
natural cent ml factor as they affect antagonistic specif, and we 
must utilize them. 

Blit to utilize them we must first understand them, and the word 
“ understand ” docs not mean half knowledge Generalizations are 
nowhere more dangerous than here. I have been studying some of 
the smaller asj>ects of this subject for more than 40 years, and I hava 
seen my imagined or expressed generalizations fall hy the dozen 
through the work of keen-eyed and competent younger observer 
And yet the enormous complex of interacting urgumams, really fight- 
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mg desperately among themselves, is only just becoming apparent, 
and offers a lidd for many keen workers for many years to come. 
And it is a field of very great promise. It is one of the fundamentals. 

'Hie complexity of lire problem is growing on os. What we otreo 
thought simple becomes the more involved tin; deeper we go itdu the 
subject. But these very complications as they arise should only 
render the subject the more attractive to the truly scientific mind. 
Nowhere do we rim up against a stone wall: but the more we observe 
and the more we study, the more the lidd opens before us and the 
closer we come to a tine understanding of relations and the more 
apt we will lie to find principles and ideas that will I.,- of value from 
the human standpoint. 

Insects are a healthy race. They have in these ;'> 0 ,000,000 y Curs 
bred out the unfit. And their very prolificacy more than compen¬ 
sates for the losses caused by occasional epidemics. But in the study 
of natural control, insect pathology, a largely neglected field, must 
have more workers. We must know Imre, just as in every other 
possible line of insect research, every fact that can be ascertained. 
Of course, the insect pathologist will he working for an end 
diametrically opposed to lhat of the human pathologist, but the basic 
technique of the latter will help the former, and the causative 
organisms of disease have a certain zoological or botanical grouping 
which w ill render the work of both groups of pathologists at least 
comparable. There arc great gaps to be filled in out knowledge of 
the forms of parasitism in which protozoa, bacteria, fungi, helminths, 
and filterable viruses arc concerned. 

in this direction the work of Pasteur on pebrine stands nut, and 
the results of subsequent investigations of this disease have been 
incorporated in a number of papers, especially by Italian investi¬ 
gators. The diseases of bees have Iwen investigated by our own 
G, F, White and A. P. SturtevaiU; and Btirri, of Switzerland, 
Balir, of Denmark, und Maassen, Boclicrt, and Zander, of Germany, 
have contributed to the study of lice diseases. Kudo, of Japan! 
lias worked upon tlic protozoa of insects, and a number of medical 
investigators have been led to study the microorganisms in the diges¬ 
tive tracts of insects that bite man, 

Paillot, of France, is making profound studies of the micro¬ 
organism fauna of the insect liody. Metiilnikov, of the Pasteur 
Institute in Paris, has been working on the blood of insects and 
making studies relative to the problem of immunity, using largely 
the larvse of the wax moth, Rudolph Glaser and G. F. White, of 
the t 'nited States, are studying the pathology of insects. 


364 ANNUAL REPOilT SMITHSONIAN INSTITUTION, Ifl26 

Nearly all of these workers, however, have spent only a portion 
1 "J* ^ c ' r tituc upon such studies and have each contributed only it 
few papers. Systematic, consecutive, well-planned work bv many 
men, perhaps in cooperation, must be brought about. 

I’ rom the fact that certain disease organisms inhabit both insects 
and warm-blooded animals and tlmt with some of them this dual 
boat relation is a necessity in their lives, we are led to the subject 
of mediciiJ ejitomoIo^y T 

It seems to me that no wise man cun for an instant believe that 
medical entomology has passed its infancy. To all intents and 
purposes tins branch of knowledge was first opened up less than 
30 years ago. Its increase lias been dramatic. Three years ago. 
at the invitutiou of the president of the American Public Health 
Association, I wrote the “ Sketch History of Medical Entomology,” 
It was a subject with which I had been connected since its begin¬ 
ning. It was a subject of vital interest. Discovery had followed 
discovery with such rapidity and tile results which followed these 
discoveries were of such enormous importance to humanity that the 
Story fairly wrote itself. The subject has developed so rapidly and 
has spread out in so many directions that it invites and in fact 
demands the keen attention of many workers. 

It is true that most of the main discoveries have been made bv 
medical men, but all future work demands the Intimate cooperation 
of pathologists and entomologists. The control of an insect-borne 
disease, whether of man or domestic animals or cultivated plants, 
means primarily the control of the vector; and who so competent 
to investigate the possibilities in that direction as the man trained 
in economic entomology ? 

Not so many months ago, traveling for a day or two in the com¬ 
pany of the principal officer of one of the great medical research 
institutions. I suggested to him that a well-equipped service should 
be started, preferably at some great scientific center, where the 
intimate biology of all inserts known to be carriers of disease should 
las investigated by competent men, uritrammeled in their work and 
assisted to the limit of their necessities in a financial wav: that these 
men should include in their investigations not only all knmvn vectors 
hut all of the close relatives of such species. I am sure that mv 
suggestion was sohnd; that the establishment of such tt laboratory 
or scries of laboratories is a great desideratum; that the results to 
be gained by such work could not fail to tie of very gteat benefit - 
and I, therefore, advanced the project with some assurance. To mv 
disappointment, however, it was received with on interest which w .’ 
obviously only a matter of courtesy, and I dropped the subject in 
discouragement. But why should not such a plan be: pushed ? Let 
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some man yet in his forties draw up a scheme in as much detail as 
possible; let him consult with his wisest updates; let him look 
over the field with a propheLic eye; and then push the plan with 
an enthusiasm and energy which, belongs rather in the fourth de¬ 
cade of life than to the sixth (now occupied by the writer). Of 
course, it is quite possible that this idea may not be adopted, bin 
in the very outlining of the plan it will be necessary to bring to¬ 
gether all the sidelights with the main idea, and out of it will come 
unquestionably a si i mu hit ion lo research of the broadest kind in this 
vital direction. 

And now wo conic to ecology. Originating as a name not so long 
ago among the botaiiLstsj this term has broadened in its significance 
to include certain aspects of the whole biological field. 

In his masterly address delivered lief ore this society in ittla en¬ 
titled, “The Ideological Foundation of Applied Entomology^ that 
deep and sound thinker, that broad naturalist, that man whom this 
society and our sister societies have been proud to honor as the dean 
of the economic entomologists of America, Dr. S* A. Forbes, pointed 
out in his dear and forceful way that nowhere docs the broadening 
of biological studies into the field of what is now termed t: ecology” 
promise better results nr greater opportunities than in applied ento- 
molugy + In fact, he says, The economic entomologist is an ecolo¬ 
gist pure and simple —whether he calls himself so or not * * V 1 

This wonderful address and the contemporaneous and subsequent 
writings of Shelf ord and others have opened the eyes of many work¬ 
ers—in fact, have made many productive workers— and all leaders 
of main projects having insect control in mind are now looking upon 
their problems with ecological eyes. 

The revolution which has come is well illustrated, fur example* in 
the October, hist, number of the Canadian Entomologist, where the 
leading article, by W. C + Cook, tells of a study of the noctuid moths 
caught at light at Bozeman, Mont., in 1919 by K. M. King and in 
ID^3 by himself. Even a dozen years ago the moths so caught, if 
they were good specimens, would have been pinned, identified, and 
put in the college collection or in n private collection, accurately 
labeled, of course, with date and locality, and there the matter would 
have rested. But with our present growing knowledge of the foe- 
ton concerned in the ecology of insects and the importance to be 
placed upon nn ami mul at ion of individual notes, Mr* Cook has gone 
far: Ho has analyzed the result, taking into ronsidemtion the food 
plants and habits of the species involved, the question of temperature 
and rainfall and elevation and character of the country inhabited by 
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the individual specie^ and bus been able to draw from all this the 
following conclusion: 

TL 1 1 Klii^ivi fruitm of tt nl von region Is oof a tilJialu sin Isle mitt, miring only In 
alHindaucu frriiu year Lu year h luit h\ u coaniioMlic ^ r smaller gruap*, each of 
which |j.ii. inurr or less {ItHnlu* opUimmi. Tin* Composition of the Llluiiu Id n 
given Heaton H Tory deftnltcly rchwccl to the rllixiutfc etmillllew* prrYiiKHuK at 
Lilt; i EukL- of growth. Tliret? clry jmtn iuiEmEiliiiEtik in 1010 uirannonHly In- 
creamJ the proportion of iinilrk' rknjrnnt Lu thu Bomtum fannu* while minc¬ 
ing tht- I'Uhtt'Cn jl uh L implies kiln tnmiiL Tin' trend \*t I he cl I matt 1 luwjiril injrniEtl 
hHH resulted by IfEEt in n armt reduction In Lbeso prairie intruders, nnd Uoj 
mttnblfohmGht of tht euBtura find muonlnln furum. How mu\:h farther tills 
uiovotnenE •=> ELL go (mhi nut tv itfcilkti^i. but It ia cvrlulii ihm a reitim of dry 
weather will nivum* the direction of the trend. 

I select this instance because it concerns a paper that was published 
only the other day* but recent entomological and ecological journals 
contain nutubers of artieltss of equal or greater significance. What 
an advance I In the general warfare against insects those? conclu¬ 
sions will seem to have no immediate hearing upon any problem, 
1 mil they lire valuable and very suggestive ami indicate great prog¬ 
ress in entomological thought and methods, 

I find a confident prophecy as to the effect of work of this character 
in a paper by C. H, 1\ Townsend in the journal Ecology fur January* 
1004* He says in closing: 

Kiivlronmret work will lie th* firm and Juift In t lac- Insect cunt ml of tin* 

future. The normal fnvurahbtc emlrunmciiC nm.-tl lie rhartKcfl lu nu unfavorable 
miLK uhun the factor values in the eavlrufimcDt elusHres to which the insect*’ 
nha*eH are subjected, with i he la«-rt5 H responses lo thy name* we it re la tla« 
iiuievt aEjvantnj^ttrti* ivislrimi for deciding which iUluot to titlark anrl which eft- 
rJiMnm+jat class to manipulate In unler to piln conLroL 

Here the factor values include heat, sunlight* rainfall, atmospheric 
humidify, atmospheric pressure, wind, soil texture, mil moisture, 
vegetation, food supply, predators* parasites, and disease. 

[ remind you of this prophecy without absolutely complete s n dorse - 
memt, but us an especially notable paragraph. 

We must not leave this subject of ecology without mention of Hop¬ 
kins' promising work on biodimfttic laws, It is a subject to which 
this able thinker in new fortunately able to devote lira principal at¬ 
tention. lie has already arrived at conclusions of far-reaching 
valued-far beyond the confines of economic entomology—and it is 
hoped that this great work will receive the appreciation it deserves. 

To lie able to know precisely and definitely what creature is before 
one—in lie able to write about it in ouch a way that all other workers 
will understand—necessitates a system of classification and the nam¬ 
ing and technical description of a host of forms. The comparative 
Study of morphological cbnrnrtera, nf course, indicates relationships. 
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presuppti&es similar methods of development and similar behavior 
among the related forms, ami in addition it affords evidence as to 
lines uf descent and the general trend of evolution. 

In spite of the hundreds of thousands of species of insects that 
have bean named and described, a greatly larger number remain 
unnamed, while the stability of the names already adopted and 
of many of the classifiedtory details and systems bus by no means 
become fixed, and there is a sad lack of comprehensive catalogues 
of groups—a type of publication of the greatest use 10 all onto- 
mologiats* There is, therefore, a crying need for many more capa¬ 
ble taxonomists. 

Further than this, there is also a crying need for bigger and 
broader taxonomists—for the men now at work to become bigger 
and broader, and for the men entering the field to consider a host 
of Things uu considered hi the old taxonomy. The average laxono- 
mist of to-day is lagging behind in the advance of science* Xew 
species continue to pour in aL such a rate that his time is constantly 
occupied with descriptive work. He is seldom able to apply him¬ 
self to an extended revision of a given group* and if he does at¬ 
tempt such a revision lie fails to consider even the small amount 
of work that has been done in internal anatomy, embryology, 
physiology, and paleo-entomology. His system can not be abso¬ 
lutely sound, because he is not able to go deep enough. We need 
a sounder and better based classification all through the group 
41 Insect a*” and this is one of our prime needs to-day. The basic 
value of a stable nomenclature to all workers in all phases of 
t-n ton sol ogival effort, applied or not, needs no argument here; it 
is obvious to all of us who are engaged in economic work; it is 
obvious to those who have done work in embryology, morphology, 
genetics, or any other branch of biology in which insect material 
is being used. 

Taxonomy with the class “ Insec ta” is complicated beyond that 
of most other groups of animals by the existence of complete meta¬ 
morphoses and I he radical difference in the lives of the larvae and 
of the adults; a fact which brings to bear on each stage many 
evolutionary factors entirely different from those acting on the 
other. This demands the consideration in taxonomy of what we 
used to cull iL Life history work,” and it is in this life history 
information and in exact knowledge of early stages that there are 
very great gaps. Fortunately, the work on the life history of any 
one species or another is fascinating* and always attracts workers. 
The number of such investigators is increasing rapidly, and gapa 
are being filled. 
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Wo are sadly luckiag, however, in our knowledge of larval forms 
and in our ability at once to identify I awe? without lirst rearing 
the ad nils. In practical work, and especially in international or 
intersectionul quarantine. the most comprehensive knowledge of 
larval forms is necessary, since in the operation of commerce in¬ 
sects are carried accidentally quite as often in the larval form as in 
the adult form. 

Work upon larval stages is going on at the present time with 
some groups of leptdoptera, certain dip tern, ami the coleoptora. 
Perhaps the most ambitious effort of this kind is that with the 
last-named order. It is n great pleasure to know that Boving and 
Craighead have almost finished characterizations, keys, and short 
diagnoses of the families and subfamilies of the entire order 
co leap ter a. 

And, speaking of quarantine work, we should not ouly be able 
to identify material found in whatever stage, hut there is a great 
deal that should be known which doc* not come properly under 
this portion of this paper. It is becoming plain that quarantine* 
may be promulgated which are unnecessary. We have been obliged 
to go on the presumption that a pest in a given country may be 
and probably will lie a pest in another country; but such a decision 
can not I* made with full justice without a knowledge of the 
ecology of the species in its original home. It would virtually be 
impossible for any tuition to carry out investigations of this kind 
within the territory of another nation for any number of species 
without international agreements and without the expenditure of 
large fund?, but. if we had known, for example, in this country, 
in advance of the advent of the European corn borer, the ecological 
facts concerning this species in Europe, which Mr. K. M. Babcock 
is lt t present studying over there, we would have been in position 
to attack the problem, perhaps not much more confidently, but 
with a more exact idea concerning the possibilities of spread. 

Cooperation is the keynote to success in alt great undertakings. 
(Pardon this trite statement, tritely put!) In this effort to gain 
a perfect knowledge of insects and, through this knowledge, to 
control them, we are engaged in one of the greatest of all under¬ 
taking* ; and it is not alone fur the benefit of our own people—- 
it is for the benefit of humanity. Therefore, in this great effort 
Jet ua never forget that we must freely urge the help of men work¬ 
ing in other branches of science — that we must be keenly on the 
lookout for points where they can help ua— that we must plan 
our investigations with the idea that others will help, and we 
must call them in consultation in making our plans. 
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For many of the needed types of invest i pat ion we as entomologists 
must train ourselves to be self-reliant, but as wc broaden out we 
must beg the help of experts in many different lines* Any one of 
the ninny discoveries living made in physics, chemistry, or other sci¬ 
ences may touch or may be made to touch our investigations looking 
toward the control of insects. Some discovery now on the point of 
being made in one of these sciences may lighten our ta$k. ! 

Primarily in agricultural entomology must we consult the wisest 
experts in farm management—the clearest-thinking agronomists. 
\Yr realize, as I have already pointed out, that with many of our 
methods of farm practice we are encouraging the multiplication and 
spread of many insects; we arc fairly inviting them to overwhelm 
ns. Why waste years of work trying to fight them in one way or 
another under existing conditions if it be possible, after a full under¬ 
standing of their ways, fio to VAry crop methods as to hit u vital 
point in their economy without uiEiterially lessening crop pro¬ 
duction? This lias been done in a number of instances. Only the 
other day one of our English colleagues (Frew) advised u slight and 
inexpensive variation in the manuring and cropping of barley, which 
will do away with the damage by a serious insect enemy, A careful 
study bv an export agronomist of the life-bistory facts already 
learned by us about a number of our principal injurious insects will 
undoubtedly lead to valuable ideas and to the indorsement, from a 
far-seeing practical side, of suggestions in this direction which sonic 
of us may have made. 

There is no scientific man whose cooperation the entomologist more 
needs than the skilled organic chemist. There are scores of prob¬ 
lems of great importance to which the labors of such a man or men 
should he turned. In the chemistry of the physiological processes 
in the insect body lie is needed, ami he is especially needed in the 
study of the chemistry of the plant* upon which insects feed, in tile 
effort to underhand fundamentally what there is about certain plants 
that attracts certain imtects. For many months, now, that famous 
investigator, Hr. Frederick B. Power, with the able assistance of Mr. 
V. K. Chestnut, has been studying the chemistry of the cotton plant, 
and tbi? is being done on a scale and with an expenditure of limn 
and care never before equaled in such a study. The results already 
obtained have been of the highest interest from the chemical point 
of view, and also from the point of view of pi ant structure and 
physiology; and there have been development* which may prove to 

t Ration EMy he art* hri* et Prof, C. K- Bnln'* Juit-i nuducral dlKWfWT 1ft Sonlh 
Afrtri of tl» fldajitjjlHm nf errtito rmdlD priadpl« t* f#»«t tnT»*tIsntton In which he 
»hr.w* Uh tit tj Slip UIIC sr mJrroplKJOrrt Ibfl pmwnw df Inutctta m*JF In ulet^rnrtnril. Ddt ntaly 
E>f wcHMJ lXJrlos borlrff in wood but o f IbbkI* in pitta*. 
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be of great importance to the economic entomologist. It would not 
be proper fnr mo to make more than this mere statement, but a pre¬ 
liminary paper is being prepared which will contain many astonish¬ 
ing facts. 

The Chemical Warfare Service of the Army is carrying on an 
elaborate series of teste against insects with different gases, and 
has a great accumulation of records which when published will lie of 
undoubted value if only an records. These tests, m the main, have 
lieen made in cooperation with the Bureau of Entomology. There 
is on exception in the case of tests against the cotton boll weevil, for 
which a direct appropriation was made to the War Department on 
the Initiative of a southern Senator. Even the tests from which 
there have been no obviously valuable results will have an ultimate 
value to future experimenters. It is. therefore, to he hoped that the 
secrecy which necessurilj' must surround Army experimental work 
with poison gases that may be tad in warfare will not prevent 
the near publication of a record of the exact experiments of the 
Chemical Warfare Service against insects. 

It is true that certain other chemists have entered tins field. 
George Gray, of California* has a large manuscript on the chem¬ 
istry of insecticides, not yet published, but he has Ijeen drafted into 
the service of the State in a sotnew hat different capacity and is no 
longer able to devote bis whole time to this important side, William 
Moore, from whom wc expected find still expect great things has 
joined a commercial organization. There is this to be said for r hem- 
ism', that industrial corporations are employing numbers of research 
men and that therefore the very research which we tired may be and 
is being supported financially by such organizations. 

We must look to tlir chemist for the development of the most 
perfect insecticide, which as likely as not will be a synthetic organic 
compound. We must look to him for that greatest desideratum—a 
cheap compound that will at once stimulate plant life and deter or 
destroy insects. 

There has grown up in these post years a beautiful spirit nf coop¬ 
eration among the entomologists all over the world, I doubt that 
such a spirit exists among the workers in any other branch of 
science. Each one of m has held himself in readiness to be of an¬ 
si stance to any one of his col leagues of whatever nationality, But 
we must not be sat island with this- The needs of humanity demand 
both a broader and a closer association, Tito prime insect pests 
of the world are* through commerce, as we have shown, becoming 
widespread, rim! the self-protection of nations demands the most 
intimate knowledge of the injurious insects of all countries, since all 
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of thorn lire potential pests of other reruns. This subject was eon- 
side rod at i 5 oine length at the recent Pan-Puri (fa Food Conservation 
Conference, and one of (be resolutions adopted ut that conference 
recommended the appointment of an international crop protection 
committee to promote surveys, to encourage research work, to pro¬ 
mote the development by each country of larger numbers of trained 
workers, and to obtain agreements and understandings between 
countries regarding the giving of prompt notification of the appear- 
anco of now pests and to secure the cooperation uf countries in the 
prevention of spread. 

All these points that I have considered will no doubt lie sufficiently 
obvious to you, and very possibly have been in your minds. There 
is a host of lesser suggestions that may be made, our needs are so 
verv great* But this is not the place to go into an extended cate¬ 
gory of lesser things. 

As I come to this point I realise more than ever lhat I have been 
writing all the time as an economic entomologist. Down to very 
recent times there has l>een u class distinction between the economic 
entomologists and the other workers, especially the taxonomists of 
the museums and workers in many laboratories. As the field lias 
widened out, as the seriousness mid vastness of the situation cun fro ril¬ 
ing humanity becomes apparent, these workers have been coming 
closer tngcLher: the economists have felt the importance of the labors 
of the others. The vastly greater part of the work of the economist 
has not been baric; it has consisted largely of an effort to apply 
known facts to special problems. The emergencies confronting him 
have been so great that he has bad no time to conduct the lung 
investigations that might give him oilier weapons than those nearest 
to bis lmnd. His fight has been so strenuous that in a way he has 
lost bis perspective. 

But he has done magnificent work. Tie lots confronted many diffi¬ 
cult situations with aucress, and with simple weapons. But the 
great basic principles which have brought about the conditions 
which he has been called upon to meet have not Wn considered by 
him in bis haste for immediate relief measures. He lias available 
no more than a superficial knowledge of the forms be is trying to 
light. It is true that he has carefully worked out in a more or less 
general wav the life histories of many of the crop pests, hut beyond 
that he knows little of what must Iws known. 

I have just stated that he has waged a g<wid fight “with simple 
weapons,* but this must not be taken in a derogatory way. An 
admirable bonk, which (patriotically) I wish had been written by 
Americans, w as published in England in IfHKJ by Ti. A, Warding of 
tin? University nf Manchester, and Philip Buckle, of the University 
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of Durham, which gives a review of ait advanced and encouraging 
character of our knowledge of “ the principles of insect control." 

It so happen?, to consider things concretely, flint an appropriation 
bill now before Congress allots for tlie fiscal year beginning July 1, 
1925, more limn $2*500,000 to the Bureau of Entomology; but of this 
large amount more than $1,200,000 must be spent on the three specific 
problems of the gipsy moth, the European com borer, anil the 
Japanese beetle, in the effort to prevent their spread and to gain at 
least partial control. And the remaining sums are for the moat part 
to be spent in the study of special crop pests. Til oilier words, at 
least half of the amount, although it may i* continued in future year? 
and will probably be so continued, should really be termed emergency 
funds — funds appropriated to meet immediate and specific, emer¬ 
gencies. 

It w an j'w tending thought that, looking loteard. the future, thu 
lai'f/e *«?ji irottfd prohnhlg he much mom f/roductive in the long 
rum if it were spent m the effort to Imrn fundamental things along 
name Of the linee ire have touched. If this idea seems overdrawn, in 
view of existing conditions, it is none the less surely true that large 
sums must be forthcoming to support these greatly needed lines of 
research. 

Last winter, toward the dose of the Cincinnati meeting. I felt 
growing within me a conviction that we are on the eve of startling 
discoveries in economic entomology. I spoke of this to several 
leaders, and found that they shared the feeling. The conviction has 
been growing since, and may well be realized. But this does not 
lessen the certainty that it is Offl* duty tn llbor diligently in our 
efforts to gain a complete understanding of insects. The compara¬ 
tive paucity of our present knowledge should bo a tremendous 
incentive. 

The entomologist has come into his own. lie is acknowledged 
and respected by workers in other branches of science. The impor¬ 
tance of his labors is recognized by the most important part of the 
general public. To justify this, and to increase it, demands that 
we work earnestly, that we make a strenuous effort to increase nor 
numbers, and that we broaden our views and our methods. 


FROM AN EGG TO AN INSECT 


By IL K, ^KODG!tii&a 

Bureau q/ KnimnaU^y, United Stair* Department of AfritmUmt 


INTRODUCTION 

It IS perhaps nn inherit since from more primitive Jays that we 
sire i-o prone to estimate value by size, and that we hold small thilifts 
In contempt. Though we hare learned fail well from science that 
the mo-.t minute of living creatures may lie vastly important or 
inimical ti> our welfare, we still persist somewhat In belittling the 
study of them. Especially is tins true if ilie creature is an insect. 
Tel, the study of insects has contributed much to our knowledge of 
the genera] principles of life, and in particular to an understanding 
nf certain phases of reproduction and heredity. This, because the 
fundamentals of life are the same for all living things, ourselves in- 
i ludei), and because some life processes have been found more easily 
studied in insects and other lower forms of animals than in the 
more complex ones. 

The microscope, however, makes the Ilea the equal of the dog, and 
on the printed page the discrepancy between the large and the small 
disappears, for the description of one may require just as many words 
as that of the other—and, we might add, words of equal size. 
Words! Words are the curse of scientific writing; but it should be 
recognized that any description is likely to be far more complicated 
than the thing described. If the object could lie seen or pictured 
directly instead of being portrayed in words, how much simpler and 
clearer it might appear t We can not all, however, be students of 
nature at first hand, and it becomes a part of the business of the 
scientist to present his information to the public, or to such part of 
the public as is interested, and tills he can do fully only through the 
medium of language. Hie true scientist, however, is usually so fear¬ 
ful of saying something that might possibly in some way be mis¬ 
construed by technical critics that he puts his statements in the 
terms adopted and defined by his particular branch of science. As 
u consequence, scientific vocabularies, while becoming more and more 
concise to specialists, are becoming less and less euphonic and 
700*1—20-25 378 
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farther and farther removed from the understanding of the general 
read r. This state of affairs is to be deplored, because one of die 
purposes of science, at least of scientific institutions that emploj 
scientists, is the diffusion of knowledge, and knowledge is not dif¬ 
fused by writings in which the secrets of nature seem to b.- just ms 
carefully guarded from the public understanding ns they are in the 
various realms of nature herself. 

Another thing that contributes to die unreadableness of much 
scientific writing is the laudable desire of the scientist to give full 
credit where credit is due; hut this often overloads his text with 
citations of references and authorities, and so breaks up the con¬ 
tinuity of his account that the general reader soon tires in an attempt 
to follow it. What then shall we do? The only solution scorns to 
be that for scientists we must write as scientists, for the general 
reader we must clear away all but the essentials, though lotting it 
be known that we do not pretend to first-hand knowledge of more 
than a small percentage, if uny, of the facts related. 

In the following pages an attempt will be made to tell, with a 
minimum of technical terms, the story of the development of an 
insect from the germ cells to the creature at hatching. The facts 
of development and heredity, however, are exceptionally difficult to 
put into ordinary words, for the reason that they constitute phases of 
growth that are in many ways quite differ, nt from those with which 
we are more familiar. And yet, for descriptive purposes, things must 
have names. Therefore, where only a sci< ntific name is available, 
that name must be used, and if the writer makes all possible conces¬ 
sions to a popular vocabulary, the reader, on liis part, must agree 
to learn a few indispensable terms of technical embryology. 

THE GERM CELLS 

The materials of which living matter is composed consist mostly 
of substances that the chemists call unstable—-which is to say, they 
are complex compounds that naturally break down into their simpler 
ami more stable components. For this reason the physical substance 
of life must bo continually renewed. All animals and most plants 
have a limited space of time during which they are able to repair 
their waste and remain alive. A large proportion of them, too, never 
attain their possible old-age limit, falling victims at nn earlier age 
to other devouring animals, to parasites, and to diseases. Hence, 
even though each individual were capable of living forever, its chance 
of doing so would lie slim; sooner or later it would almost certainly 
be destroyed in one way or another. To insure continuity of life, 
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therefore, the individuals of each species are endowed with the power 
of reproducing themselves* Some of the lower animals can regen¬ 
erate themselves from pieces of their own tissues, but most animate 
11 roc reate by men ns of special cells that have the property, under 
certain conditions, of reproducing a complete form like the parent. 
These special reproductive cells are known as the germ cells. Homo 
of the germ cells of plants, called spores, have no distinction of sex, 
but in animals the germ cells are always of two kinds—mule and 
female. The two kinds may be borne by the same individual, but 
ordinarily each is carried by a different kind of individual of the 
same species, and these individuals are accordingly distinguished 
also as male and female. The visible differences between male and 
female individuals, however, are mostly of a secondary nature, hav¬ 
ing a relation to the different demands of the germ cells on the indi¬ 
viduate that mature them: the fundamental differences of sex are in 
(he structure of the body cells themselves, which are distinguished 
by the some characters as are the germ ceils. 

The mature male germ cells are known as the spermatozoa, or 
sperms; the mature female germ cells as the ova, or eggs; but at 
any stage these cells may be called the male and female germ cells* 
Ordinarily the germ cells must be united in pairs of opposite kinds 
in order to produce new individuals. This kind of development con¬ 
stitutes sexual reproduction, and the union of the two cells is known 
as fertilisation. In some invertebrate animals, however, including 
many species of insects, the egg is capable of developing alone, and 
development of this sort is distinguished as asexual reproduction, or 
parthenogenesis. The male germ cell never develops by itself; It 
must always be united with at least a part of an egg cell. 

The female germ cell, then, being the one on which the responsi¬ 
bility of development depends, is usually protected in some way from 
destroying influences, either by being inclosed in a tough shell, or by 
being retained within the body of the mother during the early part 
of its developmental period. If the egg is extruded from the body 
of the parent and must develop after that without receiving any 
nourishment from the mother, there is provided within its shell an 
amount of nutrient material sufficient to carry it through to the time 
when the newly formed creature can leave the shell and obtain food 
for itself. This nutrient material within the egg is called yolk. 

The eggs of insects have n great variety of shapes, determined by 
the shell (fig. l). Some are round, some are oval, some are flat; 
some are smooth on the outside, some ridged or variously sculptured. 
Some are Jaid by the female in the most exposed places, others are 
deposited where they will be protected, as under bark, in the ground, 







87(i AHJTOAl. RRI*OBT SMITRS0N1AS 1N STitU T J 0>' , 1DM 


Fia, I.—Virlom f(innB of laurel {All iHcfa mlnrEtiJ* tut &ot to butw^ •»!*} 

A, of 1 n liuiuwlly ; U r ffljitlc^il i'epi of n lArGwCnF Fly. Ifo»? alturhiul 

In nbJlcr pf A Fmi! : C, nT A tuli-buie huSiErfly ; IK fiJil, utVftopplaR r i;B x 

Of U leif-rollor ItiMlh: B| -PBE" uf piilnto IwrUr ItnrEpr ■iirffiH.'r nf a Ifftf I F. i-J^E of 
Ilai j ahuH'jr trw-erlclci inwrtftj Lni« 4in apple IttIj:. 


in the stems of plums, or m the bodies of other insects. Eggs such 
os the latter, including the eggs of grasshoppers, beetles, flies* are 
usually of a long-oval form, slightly curved, 
and a trifle smaller at one end than at the 
other. An egg of Qm kind will lx? the most 
convenient to take as a type for study (fig. 1, F\ 

fig 2 ), 

The external covering of the insert egg is 
cjdli'i! I lie rh&r/on (fig, 'J. Cho)> It is composed 
of a tough, flexible substance, quite unlike the 
luriltlv shell of a bird's egg. deposited upon the 
egg from the wall of the egg tribe, The young 
insect when ready to hatch either Upli 
shell or gnaws a hole in it large enough In 
allow it to emerge, An example of the first 
method of emergence was given in the descrip¬ 
tion of the hatching of a young cicada in the 
ftmUhsoman Report for 1019, page 407 t and 
an example of the second method in the hatch¬ 
ing of a young canker worm described in the 
Smithsonian Report for 1024, page 33*1. 

The newly laid egg appears to contain noth¬ 
ing but a dear* watery, or creamy liquid, but 
w hen examined under I he mierosctqw in spcci- 
mens prepared and stained for microscopic 
study, the interior of the egg is .« to have n 
complex organization. Its fundamental substance is protoplasm, 
but most of its bulk consists of yolk materials (fig. 2. V) that 
arc mixed with the protoplasm. The protoplasm itself is visible 
principally ns a thin layer at the surface of the egg (CT); 
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elsewhere it appears to be reduced to n more network of strands 
in the yoJk, Near the center of the egg, or usually nearer one 
end s in an island of protoplasm, is the nucleus (A r u) T a small body, 
hut one of great importance nnd of complicated structure. The soft 
parts of the egg arc till contained in a delicate t nteltinc membrane 
(Vit), }ust within the chorion, which la a product of the egg itself. 
The egg nucleus consists of a nucleus plasm separated from the 
surrounding egg plasm ami yolk by a nudeur membrane. Within 
She plasm of the nucleus is a line network upon which, during 
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ordinary periods of inactivity {iig. 3 A), are scatcred many small 
grains of a dark-staining substance railed chromatin (Cm). 

The egg and the sperm an? cells, and the most important activity 
of cells in general h that of division, a process by which n single 
cell becomes two cells; and u[xm this depends the power of growth 
ami reproduction. The usual method of cell division involves in¬ 
teresting changes in the nucleus, and must Ijo understood before we 
can proceed with the subject of development. 

When a roll is preparing to divide, the chromatin granules of its 
nucleus arrange themselves in a number of long thread-like strand! 
(fig. & B, Spi)^ or in a single strand that later breaks up Into pieces. 



378 AKHl’.VL REFftHT »>!! TJ » RONJAN ITS BT1T L-T10 N, 1&*S 

Jit cither ease the threads contract and thicken l Ul they form durk- 
yteiining bodies or masses of chromatin material. These bodies are 
the chromosome# (C s tfAr). The number of chromosomes is in gen¬ 
eral constant for each species, there being in insect cells commonly 
between 2 and 30 of them, though in some species there is a much 
larger number. The chromosome number, however, is typically not 
Use same in mule and female colls of the game species, the mule cells 
usmdly having one less chromosome than the female culls* But in 
some iusci-ts this rule is reversed, while in others the male cells have 
as many chromosomes as the ftinale cells, though in such eases cm 
is usually very small, ns if in the process of being eliminated. The 
different chromosomes in each cell of many species, moreover* have 
characteristic individual shapes and sizes by which tli-ev cun always 
bo identitied and distinguished from one another. In the diagrams, 
Figures 3 to C. and 0* three varieties of chromosomes are represented, 
but thtae are conventional ligures not intended to represent cells of 
any particular species, md five reader must not get Hie impression 
that chromosomes are ueees-sarily of these forms* 

The division of the cell starts with the nucleus, and* indeed, with 
ihe chromosomes themselves (tig. 3 D) ? each of these bodies splitting 
lengthwise into halves. Preceding this division of the chromosomes, 
however* a minute speck, culled the eentrosome (A, Cen ) lying just 
outside the nucleus, has divided and its two parts have moved to 
opposite poles of the nucleus (R, C). The nuclear wall now dis¬ 
appears and fine colorless lines radiate through the nucleus from 
the two centrosomes, forming a spindle-shaped figure between them 
(O- The chromosomes (f/Ar) become arranged across the middle 
of the spindle (D) and then, as if pulled by a contraction of the 
threads, their separated halves move to opposite ends of the nucleus 
(E). Here they form two new nuclear groups, each of which 
becomes surrounded by a new nuclear membrane (F). At the same 
time, the cell itself constricts between the nuclei (E) and finally 
separates into two daughter cells (F), each of which increases in 
siEe and in. 1 comes In all respects a replica of the original cell. Growth 
in all animal and plant tissues takes place by cell division* and most 
cell divisions involve these complicated changes in the nucleus* 

We have seen that the original grrm cells of any species ordinarily 
contain the same number of chromosomes os the hotly cells of this 
species* What, then, happens when two of them come together in 
fertilbutton—is the number of chromosomes doubled l No; for in 
the course of a few generations the number of chromosomes would 
Increase to impossible numbers. For a while, the germ cells mul¬ 
tiply by divisions of the ordinary sort just described, resulting in 
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more cells like the original ones. But finally there comes ei time 
when a new kind of division intervenes which, instead of preserving 
the original number of chromosomes, reduces it. The chromosome 
threads may appear in the ordinary manner and in the usual num- 
Uet\ but they develop irn attraction for one another which leads them 
to come together and unite in pairs {tig. 4 A, B, C) + This mating 
of die chromosomes is called rynapats (from two Greek words mean¬ 
ing a union), and a most interesting thing about it is that it con¬ 
sists, not of a haphazard union of any chromosome with any other, 
but of a definite pairing of corresponding mak and female oforo- 
uiosomes descended from the parent chromosomes that came together 


at the fertilization of the egg from which this generation of germ 
cells was derived. At leash there is very good evidence that this 
Is what takes place; it is even suggested by some writers that there 
Is am interchange of substance between the chromosomes while 
mated, thus bringing about a redistribution of hereditary characters 
carried by the chromosomes, 

We have seen that the chromosomes are often distinguished by 
risible differences in size or shape. Two of the chromosomes in the 
female egg cell Iks fore synapsis are of special interest, for reasons 
that will appear later, and are usually referred to as the female 
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ar-chrtmiorioiues, the others collectively being known us tin- auto- 
diittmusoftics,, or &rthot?h r&tiiQX&mt'x. One ^-chromosome come from 
the female parent cell, the other from the mule. At synopsis tin.! 
two ^-chromosomes pair with each other, pri*luring one double 

chromosome. Thus, for example, if an egg cell contained orig¬ 
inally six chromosomes in all (lig. 4 A) t two of which were 
^-chromosomes (or, ts), its chromosome formula after synapsis is 
2+ la (Hg, 4 C) t but with each chromosome now of double value. 
With all egg cells having an even number of chromosomes, a# we 
have scon most Female cells have, the mating of the chromosomes in 
synapsis reduces the number of ehromo^m*^ to just ono-half the orig¬ 
inal number Chromosome reduction in the egg, therefore, is a simple 
matter of dividing by two in most cases. But what happens during 
synapsis to :i male germ cell with un odd number of chromosomes f 
Simply the most natural thing: The corresponding orilinchromo- 
Bonies ]mii' with each other; ihe x- chromosome, being without u 
male, remains single (tig. 4 D, K. ¥). Hence, In a male cell with 
live original chromosomes, rlci chromosome formula after synapsis 
Incomes 2-j- 1 j\ the same as in the egg evil of the same spirits, except 
liiait the .r-cliromosome is of single value. In male cell* that have 
an even number of chromosomes, the j-chromosumc has a small 
mate, which is designated the ^chromosome. After synapsis in 
one of these cells having chromosomes, the chromosome 

formula becomes 2+^+ in which ftjf represents a single double 
chromosome- 

After the chromosomes are paired <41, the chromatin material 
may again became strung out in the form of threads, but in any 
case lhe thread# soon take on the typical chrumoaome forms aa in 
the stage preceding cell divisions for there is now nlnmi to take 
place two special divisions of the germ cell which will prepare 
it for the eventual union with a germ cell of the opposite ws in 
fertilization. These two divisions of the germ cells constitute the 
process known as maturation.. Synapsis, in nearly all cases in 
animals, precede# the first maturation division; in a few species of 
insects, however, It precedes the second division. 

The insect egg up to the time of maturation has been still within 
one of the egg tut™ of the parent female* where it haw grown 
enormously by the accumulation uf yolk in its protoplasm. In its 
early stage# it divided entire, like any other cell, bin now, on ac¬ 
count of it* bulk, it ran no longer conveniently do so. Hence¬ 
forth all its division^ will uiTect only the nucleus. At this hi ago tbc 
egg is usually laid* and maturation takes place immediately after¬ 
ward. At the beginning of maturation the nucleus moves nearer 
the surface, end at the fin-1 maturation division the halves of each 
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chromosome pair, uni toil in gynapsis {%* 5 A* a) y are again sepa¬ 
rated on u tlivision spindle and pass to opposite poles of (he nucleon 
to form the two new nuclei. After this division* therefore, each 
new inideus contains the same reduced number of chromosomes 
as before (fig 5 A, 6). but the chromosome material itself ha* 
undergone a redistribution between the new nuclei, since the indi¬ 
vidual chromosomes were not divided between them as in ordinary 
cell division* The separated halves pf the paired chromosomes do 
not necessarily at I go in the same direction, the male or female de¬ 
ment in some going to the one pole and in some going to the 
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other, SO Hull whatever hereditary influences they may carry will 
lie distributed by chance in all possible combinations. The second 
maturation division immediately follows the first, but in this di¬ 
vision the original chromosomes divide lengthwise each into two 
ils in ordinary division, thus producing four nuclei, two of which 
use replicas of one of the first-formed nuclei, and two of the other 
(fig. 5 A, c)* The chromosome number, however, is the same in 
all, the formula being 2+1* for nuclei descended from one with 
six original chromosomes. 

Figure 5 A represents di agram mat i call y only what takes place in 
the nucleus of the maturating egg cell* a truer picture of the results 
of the maturation divisions is shown at E r Three of the new nuclei 
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produced are very small T while one maintains the normal size, I hi a 
large nucleus becomes the fn net urn a I nucleus of Ihe maturated egg 
[Nu) \ the three mall ones, known ns the polar bodies {PB ) , are 
rudimentary nudei that move to the surface of the egg plasm 
where they degenerate and are absorbed in the yolk. Only in ex¬ 
ceptional cases do the polar bodies play a special part in 
development. 

The egg iw now ready for fertilisation* The ntideiis sinks back 
again into the deeper part of the egg plasm and yolk, and the egg, 
unless it is one of those capable of parthenogenetie development* 

has no further history until a sper- 
m&Uijiodn unites with its nucleus. 
In the course of normal events 
with most insect eggs* however, a 
spermatozoon has already entered 
the egg plasm, or more probably 
several have entered (fig. 8), SO that 
one is almost certain to accom¬ 
plish its purpose. Before going on 
with the subject of fertilization 
we must t then, learn something of 
wlmt has happened to the sperm 
cells during maturation, how they 
have become transformed into sper¬ 
matozoa. and how the spermatozoa 
gained an entrance into the egg. 
The original male germ cells 
ordinarily contain the same num¬ 
ber of chromosomes as the body 
cells of the male insect that liears 
them, but male cells in general, as 
we have seen,, dilier from female 
cells of the same species by having only one sc-chro mo-sume in the 
nucleus, or in having a small y-chromosome as a mate for the 
a;-chromosome. The male of a species in which the female germ cells 
have six chromosomes would most likely have five chromosomes hi 
the nuclei of its germ cells (fig. 4, D), which would mean a chromo¬ 
some formula of 4+lak The single ^chromosome, having no mate, 
remains single after synapsis (lig. 4 F) t when the chromosome 
form (i I a of (lie male becomes 2-pliC. At the first maturation divi¬ 
sion (lig. 6, «)* therefore, the tf^hromoeome can not divide, and it 
has to choose between going with one group or the other of the 
orthochrorao^omes. As a consequence, one of the new nudes will 
contain an ^-chromosome, and die other will not. Two kinds of 
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apt:flu cells are thus differentiate*). one having the ueujiI chromo¬ 
some formula of 2-f-lz\ the other having simply two orthochrnmo- 
aomes (fig. 6, £). At the second maturation division, when all the 
chromosomes divide in the usual manner, four cells are formed, two 
of which are of the Is variety, and two of the no-ar variety (fig. 6, e). 
In eases where a y-diramosome is present with the ^chromosome, 
there are still two classes of sperm cells produced, one having the 
x-ehromosome, and the other the ^-chromosome, since these chromo¬ 
somes are separated in the first division after their union in synapsis. 
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The divisions of the male germ cells always affect the entire cell, 
since the male cells do not accumulate yolk, and remain small. Fur¬ 
thermore, the maturation of the nmk cells, with few exceptions, pro¬ 
duces four equal-sired cells, all of which ordinarily will become 
functional spermatozoa. At this stage each sperm cell, now known 
as a snemsiwf, still has the rounded or oval form of an ordinary cell 
To become a fully-formed spermatozoon it must undergo a meta¬ 
morphosis, a process too complicated to be described here in detail, 
but which results in a transformation of the simple spermatid into a 
thread-like spermatozoon (fig- 7). The mature spermatozoon, how- 
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ever, is not u simple filament; under a high-power microscope there 
con be disiingEiEshed in it n number of parts; First, there is a head 
(lig r 7. D, E. J, a) containing the nucleus ( + Vv) t then comes a short 
body or middle piece (6), and finally a long, tapering tail (c), The 
tail acquires the power of movement and can be lashed sideways 
with a wavy mot ion „ which lushing drives the sperm forward with 
much speed when the sperm is immersed in a liquid. The male 
germ cell has now become virtually a minute unexcelled anitunL arid 
bus arrived at the stage in which it is capable of fertilizing a mu- 
turn Led egg cell. 

All the processes thus far described concerning synapsis and ma¬ 
turation of the germ cells, anil I he transformation of the spermatids 
into spermatozoa apply to animals in general, including uiuii t and it 

must not l>r supposed they arc limited to 
insects. The processes have been ex ten- 
fii icly ffl tidied in insects htienuso they arc 
more easily seen in many insect gwm 
cells than in tbe cells of higher animals. 
The same is irtie of fertilisation, a de¬ 
scription of which will soon follow, but 
in any of the accessory processes us they 
occur in insects arc peculiar to insects. 
During mating, for example, the sper- 
muUizoa from the male insect are stored 
in a special sac within the body of the 
female. This sae t known os the sjjer- 
itiullicfu, is connected wills the outlet 
duet of the female's ovaries. The eggs may not be deposited fur 
some time after mating, the lime varying with different aperies, 
sometimes a few hours, soi net lines a few days, or a considerable 
length of Lime may elapse. With the honeybee the spermatozoa arc 
capable of remaining alive and functional in the fjuceri for three or 
four years. 

Whenever an egg is laid a number of spermatozoa hi a spermatic 
liquid am discharged from the sperm sac upon the upper end of 
the egg as the latter goes by the mouth of the sperm sac. Some of 
these spermatozoa almost invariably find their way into the egg 
through a minute aperture in the shell, the inicropyle (fig. 2, Jffc), 
penetrating the vitelline membrane and entering the egg plasm by 
the force of their own motion (fig. 8). The first of these sperma¬ 
tozoa to reach the egg nucleus is the one that mates with it; the un¬ 
successful perish In the egg and arc probably absorbed in the yolk. 
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Onet) the spermatozoon is within (lit* plasm of tin: egg !i 1 nivcla 
inward, at lirst straight away from the point of entrance, though 
siirlj u course is not necessarily toward tin' egg nucleus. The latter. 
iis we have seen, is moving at the same time deeper into the egg from 
I Jin place where it gave of! the polar bodies. The sperm soon niters 
its course to one that will intersect the fffith of the egg nucleus. The 
two bodies then eventually meet as if mutually drawn to the same 
point in the egg plasm, hut the influences that effect the meeting are 
entirely unknown, us are also the forces that bring about the subse¬ 
quent activities of fertilization. Consequently \vc may cunfine our¬ 
selves In a narration of the facts ns they occur, which are interesting 
enough in themselves, without bothering for the present with specu¬ 
lations as to what causes them. 11 hen the sperm and the egg nucleus 
mm. the spurn easts off its body ami tail into the egg plasm while 
its nucleated head fuses with the egg nucleus. The substance of the 
two nuclei then becomes inclosed in a common membrane, thus estab¬ 
lishing a new nucleus, in which the original chromosome number is 
restored, since this nucleus now contains the sum of the female and 
the untie chromosomes. 

The union of the male and female germ cells is the visible phe¬ 
nomenon of fertilization, hut it brings about such remarkable results 
in (he egg as to show that there are most important processes in¬ 
volved not yet revealed under the microscope, Fi-rtilization iiciom- 
p]Flies at least three things: First, it stimulates |he egg to i>agin 
development; second, it adds to the egg a new set of hereditary char¬ 
acters or influences derived from the male line of descent ; and third, 
if apparently determines in the egg of most animals the sex of the 
future individual. 

The nature of I he stimulus giver to the egg by flic sperm is not 
certainly known, but I lint it is a chemical one is indicated by the 
fact that some eggs can be stimulated to In-gin development by be¬ 
ing aitifieally treated with certain substances. Perhaps, ori the 
oibrr hand, the effect is due to the destroying of some inhibiting 
influence, since insect eggs (hat develop without fertilization clearly 
demonstrate that the sperm element Is not necessary to them. The 
hereditary influences brought together by the two conjugating cells 
constitute a subject too large to lie discussed here; the facts asso¬ 
ciated with the establishment of sex in the ending individual, 
however, are too interesting to lw* passed Over. 

It is clear that the number of chromosomes in the fertilized egg 
nucleus will depend on the number in the particular spermatozoon 
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Unit fertilized it. If the sperm wa,? one of those having the same 
number of chromosomes us the egg-—i,e. T one with mi ^-cjiromusome¬ 
th^ new nucleus will have just twice the number of chromosome 
that was in the maturated egg nucleus, and, therefore, the same 
number as that of the original femalu germ cells and the female 
body cells of ils species, The resulting individual will consequently 
tie n female. If, on the other hand, the fertilizing sperm happened 

to i>e one of those with no 
z-chromdaome, the number 
of chromosomes in the new 
nucleus will be one less* 
and will be the same oh 
that in the original male 
germ cells and in the male 
body cells. The new indi¬ 
vidual will be a male. To 
illustrate with our hypo¬ 
thetical example used be¬ 
fore; If it maturated egg 
nucleus containing 2+1® 
chromosomes (lig + 9 A* 1} 
is fertilized by a sperm 
nucleus (a) with 2-j-la? 
chromosomes, the new nu¬ 
cleus (c) will have 4+2^ 
chromosomes* the female 
formula; but if the same 
egg, or another like it 
(B^) t should be fertilized 
by a sperm (rf)having only 
two ordinary chromo¬ 
somes, the new nucleus (/) 
will have 4 + 1 *e chroma- 
sanies, the male formula 
for the same species* 
Sperms containing y-chromosomes give the same result, differt iitiatiim 
t he eggs by the chromosome formulas of 4+2® and H- x\\ Tiierefore, 
apparently according to the presence of two ®-chromosomes or of only 
one, the number resulting by “ chance ” in the fertilization of the egg, 
the now individual developed from the egg w i ll be either female or male. 

The reader must understand* now , that In spile of appearances 
it is not certain that ■ x is actually determined by the z-ehroroo- 
somes, or by any of the chromosomes. Though in the great 
majority of animals the number of ^-diromosomes appears to be 
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the deciding thing, it may be that the real determining influence 
i? eon:ething that escapes the scrutiny of the miernsropist, and 
that tlic chromosome combination is merely coincident with it. 
This doubt is raised by the fact that in some plants and in some 
of the lower animal?, sex is not necessarily fixed at the time of 
fertilization, and may either be established later or influenced 
by external circumstances. It is certain, however, that with the 
great majority of animals of all kinds sex is determined at the 
tune of fertilization and that nothing can change it subsccpientlv- 

Certain other characters that will appear in the new individual 
as a part of its inheritance, besides those of sex, are known to be 
linked with the chromosomes, but these are mostly traits that char¬ 
acterize individual lines of descent, or varieties within the species. 
1 lie determining factors of the inheritance of fundamental species 
characters by individuals of both sexes are supposed to be contained 
in (he bodies of the germ cells themselves. 

Develop men t 

Growth and development are not the same thing, but they arc 
so closely associated in animals that usually the animal continues 
to develop as long as it grows, and grows only during ha develop¬ 
mental period. 

Growth takes place through a repeated division of the egg cell 
or of a part of it to form a mass of cells that continue to multiply 
by similar divisions. Development consists of a gradual, definite 
arrangement in the growing mass of cells to form the various 
parts and organs of the future adult—a new individual having 
all the structural details characteristic of the species to which it 
belonp, as well us some or nil of the peculiarities of its parents 
and immediate ancestors, but having also, in most cases, minor 
characters of its own. Thus, heredity keeps each new individual 
dose to the ancestral path and maintains the line of descent: but 
the freedom of each individual to deviate slightly from the ances¬ 
tral path has made evolution possible, and has resulted in the vast 
number of species of animals and plants in the world to day. 

TirK BEUIVNriiG OF DEVELOPS!ENT 

With those species of animals whose eggs contain onlv a small 
amount of yolk, development starts with the division of the entire 
egg into two cells. A few insect eggs develop by entire division, but 
most of them are so enlarged with yolk, like u bird’s egg. that 
it is only the neudeus and a small amount of the surrounding 
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protoplasm that divides, tbc rest of the egg remaining intact 
(% 10 A). As the newly formed nuclei ml hide* l he cranking 
tiiirlei M-nttcr through the yolk {B) and 'migrate outward in 
nil direction*; until they come into the protoplasmic layer ut the 
surface. Here they eventually Worn*? evenly arranged in n single 
layer (C), and then ihe containing protoplasm condenses about each 
nucleus (D), resulting in n layer of snjalJ nucleated cells envelop¬ 
ing the yolk (E). This cell layer* having now the form r*f the 
egg, is the hluxtoderm (I), K T Jit). Eggs that divide by the entire 
method arrive nt tlie blastoderm stage simply by multiplying until 
they form n hollow ball of cells. This is ti simpler procedure, hut 
one that is practicable only with eggs tlmi are not heavily loaded 
with yolk + 
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ruaasATfnjf or the oeim ceuwi 

The celts of the blastoderm are in general nil alike, bill in many 
insect-, a group of cells appears at ihe posterior end of the egg 
(fig, Ifl H, C, GCfo) at the time the blastoderm is forming which 
remain distinct from the true blastoderm cells. These cells like* 
wise are immediate rlcsoendenls of the egg nucleus, hut their 
destiny is quite different from tint of the other cells—they are 
(he primitive germ celts of the future individual whose body is 
to be formed by the blastoderm cells. Hera we have, then, differ, 
vntinted nt this early stage, two sets of cells, one of which will 
form the body cells of the generation novr developing, while the 
other will form the body cells and the germ cells of the succeed¬ 
ing generation. This relation is easily seen In the diagram, Fig- 






FROM Etlti TO INBECTT—S^OOCIRASS 


3SU 


lire 11, in which for convenience the products of only one germ 
cell are shown for each generation. As the new individual de¬ 
velops, the germ ceils wander among the body cells for ai while, 
Lut at hist they become lodged m the reproductive organs (figs. 
24, 27, ffCh). Here they multiply in number and undergo their 
development into the mature eggs or spermatozoa, according to 
the sex. 

The miss oif body cells, consequent]y, appears to he but a mere 
side issue from the genu rolls, a specialized group of non reproduc¬ 
tive cells that the germ cells have produced for their own protec¬ 
tion. It is most probable that in the evolution of animals all Hie 
C&11& were originally alike, and that the division of labor between 
them has had the usual consequence; the germ cells, in leaving the 
vegetative functions to the body cells, have lost most of their capac¬ 
ity for functions other than that of reproduction; while the body 
ceils, in specializing on the vegetative functions, have lost the 
reproductive function. The one-celled animals, however, having 
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never differentiated into the two sets of cells, retain in themselves 
all the normal functions of a cell But, in some of the lower many- 
celled animals, l he body cells: also have not cut indy lost (he power 
of reproduction, since in some species a body coll nr a group of 
them detached from the body may multiply and reproduce a new 
body, *V\ie first-formed body cells of the developing egg, too, arc 
reproductive cells in this sense, since it is they that carry on the 
constructive work delegated to them by the parent germ cell; and 
all the body cells hi retaining I he power of division, retain the 
power of reproduction. All me h forms of reproduction, however, 
arc of the asexual type; the distinctive quality of the true germ 
cells is their ability to unite m fertilization and produce a new 
individual combining the qualities of two others though this is not 
always a necessary condition with IheeggecIL 
t!RUl“20 — -20 
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During Die period ol the first divisions in the developing insect 
egg, there is no evidence to show that any cell may not become cither 
a body cell or a germ cell* or that any particular body cell has fmm 
the beginning a special destiny. When the body cells later become 
organized into layers and groups, they become more and more re¬ 
stricted in their reproductive, powers* each group forming only cer¬ 
tain organs and tissues of the future animal. In f he adult stage even 
this power is largely lost in the veils of higher animals, which can 
now multiply only to the extent of healing wounds Lower in the 
scale of organization, however, lost memliers of Die body cun be 
regenerated from si stump, or even the greater pail of the body may 
be re-formed from a fragment. At last, though, there comes a time 
when the vitality of the body cells is lost, or is completely sup¬ 
pressed, and the animal dies. 

Though the body cells are by nature merely the servants of the 
germ cells, we look upon the structure that they form as the reason 
for the existence of the germ cells, because it Is the visible, sentient 
animal in which are developed all the powers of reaction to external 
stimuli, the instincts. self-consciousness* and intelligence that b 
potential in the germ cell. But these faculties are all developed for 
the purpose of maintaining the germ cells, for bringing them to- 
gather, for flourishing, protecting, and educating the offspring. No 
creature, therefore, according to the plan of nature, lives for itself; 
its whole reason for existence is the next generation. Tins does not 
mean, however, that every individual of a species should be a repro¬ 
ductive individual. Among the social insects, the ants and bees T for 
example* certain individuals are designed to las accessory to the re¬ 
productive individuals. These are the so-called workers and soldiers 
that build the nest or comb, protect the community from invasion, 
attend to the collecting and storing of food, rear and feed the 
young—members of the community which, in short, arc iiitlispenmbkr 
to it through their services to Due reproducing castes and to the 
offspring of the latter. 

Since the germ cells and the body cells of each individual are pro¬ 
duced side by side, and not one fmm the other* heredity, as a conse¬ 
quence, is not dirod ly from one generation to the next, but between 
alternate generations. In figure 11 it is seen that the germ cells nnd 
the body cells of generation C, for example, find their common ances- 
tor not m the parent generation IS. but in a germ cell derived (mm 
the grandparent generation A, which cell is contained and developed 
in B. The common resemblance between parent and offspring, then 
is due to the developmental influences embodied in the perm cell? 
wliirh produce similar remits in the body cells of anccfewm genera- 
lions, and not to influences exerted by the body cells on the g^rm 
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cells. It is fortunate that tlie body cells do not impress their chut- 
meters on the ^erm cells, else the offspring would inherit all the rsmb 
formations of the parents and all the results of accidents, amputa¬ 
tions, and diseases that ma y befall the parents. 

Enough has now been said of the germ cells, since we have traced 
both their origin and their (inal development into mature reproduc¬ 
tive cell**, Something might be said of the intervening part of their 
history in the reproductive organs of the parent individuals, show¬ 
ing how they are here multiplied and nourished, but this would 
take too much time from oflf main theme, which from here on will 
be concerned only with the history of tbe body cell^. or the develop¬ 
ment of the 3 *oung insect from the blastoderm. 

THE QEHlt BAND 

In the blastoderm stage (fig. IG C, E), the developing insect 
consists of a mere cellular sac {HI) Inclosing the yolk (T) and a 

DBI 
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few nuclei left behind in the letter, and is surrounded by the 
vitelline egg membrane (I), Fit) and the chorion (fig. 2, Oho). 

The next thing that happens in development consists simply of 
a thickening of the cells in a band along what is generally the 
more convex side of an elongate-ovai egg (fig. 12 A). This sur¬ 
face is called the ventral side of the egg, because it is to be the 
under surface of the fully formed insect, The ventral thickening 
of the blastoderm is known as the germ band {OB). It must be 
explained here that the word “gen», n unfortunately, will appear 
in many embryological terms, but without implying that the parts 
so named have anything to do 'with the germ cells. The use of the 
word “germ” in two senses was started long ago when distinc¬ 
tions were less finely drawn Ilian now, and more exact terms have 
not yet conic into general usage. The germ band may be regarded 
as the beginning of the embryo; its edges grade off into the thin 
blastoderm cells still covering the rest of the egg, and known as 
the dorsal blastoderm (fig. 12 A, Ii, DBI). 
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Tlll^ OEJllif LATEfiS 

Soon after the "ynti band is formed,, its middle part begins io 
sink inward, and inay become separated from the part to either 
side by a alight ridge. The germ bund thus becomes divided into 
two lateral plates (%- 13 A t L/\ LP) and a middle plate {MP). 
The middle plate in destined to form the strictly internal organs 
of the future insect* and it continues to sink inward, in some coses 
forming n deep median groove (!*)■ which is thou converted into 
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a sunken iiiIh* by lh« approach and union of tin- edges of the 
lateral plates beneath it, Finally, this middle plate forms a solid 
mora of rolls which flattens out into « sent ml layer (C, .1 feso) 
ln‘t ween the yolk ntul I lie outer layer (£Vf) which is now con¬ 
tinuous beneath it. The process of the formation of the inner perm 
layer differs somewhat from the above type in certain other insects, 
In some, for example, the edges of the Intern! plates separate from 
the middle plate {tip. IS D) nnd then grow together beneath it 
(E), the middle plate being thus cut off from the lateral plates 
and, by a more direct course, converted into the inner perui layer. 
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In still other species, the Celia along the middle part nf the germ 
band, which part may be slightly grooved (F), multiply by hori¬ 
zontal division and give olf cells from their inner ends which 
constitute the inner layer (F, J/asa). The first method of forming 
the inner layer is probably to be regarded as the typical one, and 
the others as modifications; it is to be noted that the me* l idea lions, 
m h usually the case in developmental processes, arc but diorteuls 
to the same end as that attained more laboriously by the ordinary 
method of procedure 

By one or another sif these methods the insect embryo comes to be 
changed from a one-layered to a two-Layered condition. In this it 
follows the rule of all other animal embryos* though all do not arrive 
a! the twodayered stage in the. same way. Those embryos that con¬ 
sist of a hollow ball of cells in the blastoderm stage become two- 
layered simply by tin infolding of one wall until they have the form 
of it double-wailed cup. This method is regarded as typical of 
animals in gen rah and such processes as those that occur in Insects 
are presumed to be derived from it in some way. With most embryos, 
furthermore, the next step consists hi the formation of a third layer, 
derived from the second, which comes to lie between the other two. 
The three embryonic layers are then known as the tctodi'rm (the 
outer layer), the mesoderm (the middle layer), and the gudodewn 
(&e inner layer). These cell layers constitute three separate sets of 
embryonic building material, each of which will develop into specific 
tissues of the adult, and no one of which will normally substitute for 
another. Tin* ectoderm, for example, always forms the outermost 
covering of the Laxly and all parts derived from it; the ettdodfinn 
forms the alimentary canal, or the essential parts of it; and the meso¬ 
derm forms tbo tisanes between, including those of the muscles, the 
fui, the heart, the in ter mil reproductive organs. Organs and sys¬ 
tems of organs, however, often result from a combination of tissues 
produced by two or by ail three of the embryonic layers. In do 
scriptions, therefore, it is bettor to follow the development of organs 
rather than to trace separately the tissues that are produced from 
endi embryonic layer. 

Insect embryos do not dosdy observe the genera) rule for the 
formation of the embryonic layers. In the two-layered stage, the 
outer layer is the ectoderm (fig. IS C, E, F t Ect} 7 but the inner 
layer, a* Us subsequent history shows, is mostly the mesoderm 
The endodermtl tissues arise from ingrowths at the two 
ends uf the mesoderm, as will later- be destriljed in tracing the forma¬ 
tion id the alimentary canal. 

Development proceeds by different rates of growth in the dif¬ 
ferent parts of the genu band and the tissues resulting from it t 
shapes being attained by gradual in foldings or outbidding*;, with 
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here nnd there a separation «£ one part from another. The processes 
gf develop! i lent might be imitated with a pi ecu of soft clay or mdeh 
ing wax* manipulated without adding anything and without taking 
anything away, pushing it in there* pulling it nut tu-re, until the 
form of the new creature ia at last produced. The insect emhryo 
ordinarily docs not grow in size, except as it utilizes the yolk and 
replaces the latter with its own tissues. 




Fin, 14 .—Twa yiAfii , i of the Idkc£ cinftnffi drmu dlJuri^DiMttnllj, 
pratably rrp^MntlELf two ptrlodi In tb« eTslutfawatT Silitorr o t 
Inwcti 

A* firtr vmbrj** eomlitLci* cf etotrjcUSk tmd, ot pr^rphtlog (l*nil F 
formwj Qt tbn* *. jfiurbti,, ftuJ of t body (Sty) with m rainy a* IS 
mrjtmmtm, t*eh bat Ibo but willi ft pair of rrntr H l HUpcudaR^a {Apm}* 

B. i Iftt^T ■Iiowlnr vrftevbt rrooplfi^ oE atJuLt lu«t; Ij r u it i Jf > 

of Etx MWOtR! tbprai (TAJ of tlrw ftbflonwin (AH) of 

■t IB (Hit WliruHii. 

Ab, BbdomEti: A«fp ungual £ Mnt. rnALrarntN ry utiJUi: 

B&Vj. body; Cn% cei^m: M r tnaipaubd m; H> head, of ifliUt COB- 

ptBiiiitici; £ac # Itunim: jia* wuffU*; ij/#, itr*i main** 

fir#, htoih! ■mil*; Prc, prtmUJw rjubi-yonlc hfid, or pror^pliEton 
I'm, opeciBi of pFPtudFUQi lib? 4 noif; Btnm, op^niujf nr EtfrUndnim 
ith* mouth) e Th r tborm. 

SBBMSNTATION 

Very early in the development of the insect embryo the two- 
layered germ baud becomes marked by crosswise impressions, the 
linea appearing near the anterior end first and increasing in number 
backward. The continuous germ bund thus become* divided into 
a mns& of segments ^eparalad from one another by thinner inter- 
















1'ItOM EGO TO IKfiECT—^NOIXSIUSS 


395 


segmental lines. There are never more than 21 segments formed 
in all; the number is usually fewer, and it is possible that the last 
division is not to be regarded as a true segment. Segmentation of 
the body ia one of the fundamental characters of insects, but it i= 
characteristic also of one large group of worms,, of the crabs, lob¬ 
sters, and shrimps and all their relations, of the centipedes, and of 
the spiders, as well as of other less familiar on limb related lo these 
several groups. Evolutionists take this to mean that all these 
creatures have had a common ancestry, and that the primitive 
ancestral forms were something similar to the segmented worms, 
since the latter are the simplest representatives of segmented animals 
living to-day. The segmented worms belong to the /.oulogical group 
known as the Annelida, of which the common earth worm is a mem¬ 
ber; the other segmented animals mentioned above constitute the 
Arthropods, of which the insects form one class, the spiders an¬ 
other, the centipedes another, and the shrimps, lobsters, crabs, and 
their relations another called the Crustacea. 

In the insect embryo, the first three segments are usually but in¬ 
distinctly marked, since the 3 r unite at an early stage to form a large 
bilobed swelling at the front end of the body (fig, 14 A, Fno), This 
swelling is the first embryonic bead, named the proeephalon 
(“kqphaifi” being Greek for head), and the embryo at this stage 
most likely represents an early ancestral stage in the evolution of 
insects, when an insect consisted of a three-segmented head and a 
long segmented body. As the embryo develops, however, it adds the 
first three primitive body segments to the proctphalan and comes 
to have a head formed of six segments (fig. 11 R, H), This is the 
structure of the head of a modern adult insect, in which, though it 
eventually becomes a solid cranium-like piece, there is always to be 
discovered traces of a six-segment origin. The next three body seg+ 
incuts become grouped to form the middle division, or thorax (fig* 
14 B, 77-), of the adult inject. The remaining segments constitute 
the abdumen (Aft), the number of segments in which varies in the 
adult in different inserts, since some of the terminal ones may be 
lost during development, or have been lost in the course of evolution. 

It is dear that insects in their evolution have tended toward a 
grouping of their segments to form a three-part body, and this body 
division Incomes most accentuated in the higher members of the 
clogs (compare fig> 21, a grasshopper, with figure 15 D* u fly)* 
Now, the members of the other classes of the Arthropoda have fol¬ 
lowed other lines of specialization in the grouping of the body 
segments and in the uses to which they are put. The crustaceans 
have aimed ftt a two-part division of ihc body, with the principal 
viscera in (he Brat, and the second specialised os a swimming organ, 
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LLiici the crustaceans have attained a hi {'ll decree of development 
along this line, 'flic spiders likewise liave evolved u two-piece 
body (fig. 15 B), but with this difference from the crustaceans, 
that tlie principal viscera are contained in llie second body division. 
The centipedes (C), on the other Inuid, have progressed but little 
fartlier than the acquisition of a six-segment head similar to that 
of the insects, the rest of the hotly being composed of a series of 
segment* all pretty much alike. The insects (D) are characterised 
by having a head well separated hy a neck from the thorax, by the 


specialisation of the thorax as the loeomotory part, since it carries 
the kgs and tlie wings, and by the development of the abdomen as 
a container for the larger viscera. 


THE H!IH I II VK AlTENDAdES 


Closely Conner ted with the evolution of the segments, in both 
insects and other arthropods, is tho development of the external 
organs attached to them. One of the most conspicuous features 
of nearly all members of the Arthropod a is tho number of legs «r 
leg-like structures they have—“crawly 11 things these creatures are 
to most |ample on this account, Insects, it is true, have only throe 
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pairs of legs (tig, 29, I) 3 but on the head there is a pair of long 
Biitenira (Ant) arising from the face, and other paired organs at¬ 
tached about the mouth {Md 9 Zt), while on the abdomen there 
is commonly an ovipositor, or egg layer, composed of two or three 
pairs o£ blades ( Ovp ), and near the tip u pair of slender cord (GVr), 
All these members arising from the ventral parts of the several body 
regions are known collectively as the appendages. The wings ( W) 
are not appendages in the technical sense, since they arise from the 
Lark and are not of the same nature as the Hiltebns*, mouth parts, 
legs, and cerci. 

The appendages appear on the embryo soon after the segments 
are distinguishable* and are at first mere swellings of the germ band, 
forming a row of buds cm each side along the lines that will later 
be the edges of the under surface of the insect. The first and the 
fast segments never acquire appendages, but the other segments, the 
second to tEio twentieth, inclusive, may have each ft pair. Hence, 
though few embryos have the entire possible number of appendages, 
u ^generalized” embryo would have the structure shown nt B o! 
figure 14, and this may be taken as the primitive embryonic structure* 
and probably as the ancestral one. In most insect embryos the 
abdominal appendages ore but weakly developed, or are not formed 
at all at this stage, those that are present on the adult lasing devel¬ 
oped at some Mage after hatching. 

To follow the development of the simple embryonic appendages 
into the various adult organs they become would be most interesting, 
but it would involve a long dicussion, and the following brief state¬ 
ments are all that (ran lie given here. The first pair of appendages, 
those of the second segment (tig. U A, Ant)*, simply elongate into 
ihe u men run of the mature insect and move forward from their orig¬ 
inal lateral position to one usually near the middle of the face* The 
appendages of the third segment, often called the second antennw 
(3*4 ii|), are at best but rudimentary organs in insects and disappear 
as the embryo develops (B), ueept in one species in which they are 
-aid lit persist as tfinnll lobes in the adult. The appendages of the 
next three segments, the segments which art? added to the primitive 
head (A, Pit) to fonu the head of the adult (B. S) t become the 
feeding organa, or mouth parts, of the adult. These are the man¬ 
dibles (B t Md} % the first maxilhc (lAZv), and the second max Like 
(JAZrk die last uniting with each other to form the liplike labium 
of the adult (fig. 29, Lb) m The appendages of the thoracic seg¬ 
ments develop into the three pairs of legs (fig. 14 B t Z). The ab¬ 
dominal appendages form various structures of the adult. In moat 
inserts those of the first seven segments disappear; parts of those of 
the eighth mid ninth segments form the blades of the ovipositor 
(lig, 29, £%/*); and those of the eleventh segment (or perhaps of 
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the tenth) become the cerci (C'^r), when these organs are present. 
In some of the tower forms of insects there are rudimentary ap¬ 
pendages in the adult stage on some of the first seren segments of 
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the abdomen, anil the eater pi liars ha vs tubular legs on this part of 
the bod}' {tig, 28 ) ? which are perhaps true abdominal appendages 
of a primitive structure. 
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From nil the evidence bearing on the segments and the appendages* 
we nitty ronelude* then, that the ancestral insects were creatures 
somewhat like centipedes* consisting of a series of segment* having 
each a pair of appendages, and tlmt modern insects have evolved 
from this simple form to their present complex structure by u defi¬ 
nite grouping of their segments and a specialization of certain ap¬ 
pendages, accompanied by a loss of those appendages that were 
found to he useless. This is not to say that insects are descended 
from centipedes. The centipedes have had their own line of descent 
from ancestors, which, perhaps, were the same as those of the insects. 
The insect* have departed farther from the primitive type than have 
the centipedes, # 

THJJ EMIAIiTONIC COVERINGS 

The embryos of most injects become protected in one way or an¬ 
other from the egg shell during a part or all of their period of de¬ 
velopment With some of the more primitive species the germ band 
doubles upon itself vontrally at an early stage and sinks into the yolk 
in the form of an inverted U, in which position it may remain until 
the embryo is almost fully formed. A simple procedure of this sort 
occurs with the little insects known ns spring!ails, an embryo of 
which is shown at A of Figure lb, taken from the work of Philip- 
tschenko* It is significant to note that this method is characteristic 
also of centipede embryos ami of the embryos of many arthropods 
other than insects. Another of the lower insects, the fish moth, or 
more entomologically, Lepisma, begins its development on the sur¬ 
face of the egg in the usual manner, hut it too soon curves and sinks 
into the yolk {tig, Iti B), as shown in an account of its development 
by Heyuions, Lepisma, however, sinks so deeply into the egg that a 
part of the surrounding thin blastoderm is turned in also* and the 
mouth of the cavity doses to a small pore. Later, the Lepisma em¬ 
bryo partially emerges and completes its development with its head 
und thoracic parts again on the surface {€), Many insects that de¬ 
velop entirely on the surface have the tail end bent forward as if they 
bad, at some time in their past history* likewise partially emerged 
from a sunken position. 

Again* there are embryo* of other orders of insects that turn into 
the yolk tail end first (I>) and stretch out within it In a reversed and 
inverted position {E), in which position they remain until some 
time before they are ready to hatch, when they revolve back to the 
surface of the egg (F)> 

The usual style of embryonic protection among insects, however* 
is by means of covering membranes that grow over the embryo from 
the surrounding thin part of the blastoderm. In typical cases of this 
kind a fold of the blastoderm grows out around the sides of the germ 
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hand (Hg T Ul t G) s the edges®! winch come together beneath the bend 
and unite below it (H). The corresponding layers of the folds then 
become continuous, and the embryo is now shut in beneath two cellu¬ 
lar membranes (I), The outer membrane is called the serosa (Air), 
the inner, the amnion (Atil), The serosa commonly separates from 
the entlie surface of the yolk, forming a complete envelope about 
ihe egg inside the vitelline membrane, the amnion covering usually 
only the ventral part. 

There are many other variations in Lhe details of the formation of 
the embryonic rover jugs in the eggs of different species of insect^ 
but since these protective membranes have nothing to do with the 
true history of development, we need say no more shout them here, 
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except to note that they are usually broken up, nr are drawn hack into 
the yolk whore lhey are absorbed, before the young insect hatches. 

THE NiatVQUS system 

It is most interesting to learn from embryology that the ti^ue of 
the central nervous system, which in the adult is entirely inclosed 
within the body, is derived from the ectoderm. Yet, if the develop¬ 
ment of the individual follows the path of ancestral evolution, this 
should not be surprising, because the outer surface of the animal, 
lifting the part that comes inter contact with the environment, should 
be the part in which sensitive tissues would lie most likely to develop. 
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In the insect embryo, after the mesodermal groove has closed, Li i are 
appears another median ventral groove along the entire Ic-ri^th of 
tlie germ band (fig* IT A* &W) f while st ridge (iVtft) swells out on 
each side of it. Large, cells now separate internally from the ecto¬ 
derm of the? ridges and the groove, which are the primitive nerve 
cells or neur&Naxt* {NBt) w The neuro-blasts multiply and form 
strands of smaller nerve cells along the midline of the embryo be¬ 
tween the ectoderm {tivt) and the mesoderm and these 

strands of nerve tissue are the foundation of the central nervous 
system of the Insect. There is a lateral cord {LO) generated in each 
ridge t and a median cord {.VC) formed above the median groove. 
Figure 17 A shows the relation of these various tissues in a dmgram- 
matic way; at B and C of the same figure, taken from the work of 
J. A, Nelson on Use honeybee. the developing nerve cells are shown 
more as they actually appear in cross section^. 

Note that the position of the mitral nerve rord of insects (fig. 21, 
r.V£?) is jti^t the opposite of that of the nerve cord of vertebrates. 
Ale the nervous systems of these two groups of nnim:ds + therefore, 
of independent origin. or do insects and other invertebrates with u 
ventral nervous system, and vertebrates with n dorsal nervous sys¬ 
tem carry themselves in reversed attitudes? 

Almost from the beginning, the insect nervous system shows it 
segmentation corresponding with that of the body; indee i. Ul* 1 n-rvt* 
segments arc often more coiiMprcumi.H than the body segm* riK The 
segmental nerve cell masses are known as gttptjl iTr, and ihe round 1 five 
parts as rdmiiumriti* Each segment at first contains a pair of 
ganglia (fig, 18 A. /Taj)* and the two of each pair are ronneted 
crosswise by a pair of connective strands (Tim), Insides being con¬ 
nected with tin- preceding and following ganglia by the commisnrcs 
(( oru). In Ihe first head segment an optic ganglion (Op(fntj) is 
formed on each side between the central ganglia and the ectodermal 
rudiments of the eye (tf). 

As the embryo develops, the simple and primitive condition of its 
nervous system is more or less obscured and lost by a uniting a tad 
condensing of wjfnr of the ganglia into larger and more complex 
ganglionic musses, First, the central ganglia of the first three head 
augments (the segments of the procephalon) and the optic ganglia 
unite to form the brain of Llie adult (fig, 13 B, Hr). Next, as the 
segments bearing the mouth appendages become added to the head, 
the ganglia of these segments unite to form the second compound 
ganglionic mass of the head (-Surtfny), When the anterior part of 
ihe alimentary canal is formed (fig. 20 R, Siam ) it grows inward 
]ietween the crosswise connectives of the second and third pairs of 
brain ganglia. As a consequence the connectives of the third ganglia 
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form a Hoop beneath the (esophagus {fig- 18 B t 3 Oon)> and the second 
nerve muss of the head also Hus below the (Esophagus, for which 
reason it is known as the subtesoplmgeal ganglion (tigs. IS B T 31, 
SoeGng). The pair of ganglin in each body segment of the adult 
condenses into one segmental ganglion. These segment nl ganglia 
may alt remain separate, hut usually some of thorn draw together and 
unite, though in different combinations in different insects. The 
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lirsL three ganglia following the head belong to the thorax (fig. IS B f 
ThGm) 9 and the rest to the abdomen. There ure seldom more than 
eight separate ganglia in the abdomen, since the terminal ones unite 
into a compound ganglion. 

A creature, now, with its nervous system buried within its body, 
must find itself again in need of means of communication between 
*he nerve centers and the outlying parts of its system* To supply a 
part of Eh is need, nerves grow out from the ganglion cells to the 
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other organs, and these nents, carrying stimuli outward, are col¬ 
lectively the motor nerves. To receive information from the ex¬ 
terior, it is necessary that there should be another set of sensory 
nerves* These nerves ordinarily have their origin in cells of the 
ectoderm and grow inward to the central ganglia, but the develop¬ 
ment of the sensory nerves in insects is not definitely known. 


THE BOUT WALL 


The body wall of an insect deserves especial consideration for 
several reasons; First, it serves as a protection against the outer 
world, and its modifications of form distinguish the great host of 
insect species from one another; second, it serves as a skeleton for 
the attachment of the body muscles] and third, it is the seat of a 
great variety of sense organs. 

The ectoderm layer of ihe embryo eventually covers the entire 
surface of the body and forms also various ingrowths that become 
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organs or parts of organs of the interior. The nervous system, as we 
have just seen, is one of tbcsd externa] derivatives of the ectoderm: 
others, we shall see presently* are the anterior and posterior parts 
of the alimentary canal, the tracheal system, various glands, and 
the outlet ducts of the reproductive organs. The part of the ecto¬ 
derm that remains at the surface to form the body wait is commonly 
known in insect anatomy as the hypodermic (fig. 10 A, //y]k The 
cellular hypodermis is link! by a thin basement membrane {/?*¥), 
and it forms over its outer surface a cbitinous covering, Hie cuticvla 
{*?/), the three layers constituting the body wall. 

The character of the UhIv wall of an insect is due to the texture 
of the cuticula* In caterpillars, maggots, and other so ft-bodied in¬ 
sects, the cutiodn is soft and flexible; in most adult insects it is hard 
and hornlike. The body of the insect, however, is not incased in a 
continuous shell, the areas of hard cuticula being interrupted by 
fines of soft cuticula* At some places the dividing lines are but 
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narrow siitum (fig, 19 B f &}* but at other places* as between the 
body segments, the soft u membranous " areas are in folder] (hi) n pro- 
dueing a movable joint. In many ca-ses the hard paris of the skele¬ 
ton are articulated by ball-and-socket joinls, a* sit the base* of the 

jaws and between the seg¬ 
ments of l he legs, but an ar¬ 
ticulation of this sort in an 
insect is merely one between 
two extensions of the hard 
eiitiriihi from the opposing 
edges of the neighboring 
plates (fig, 19 C) on i 
outside of the contiritu 
though membranous part 
the body wall. The articu¬ 
lations in the skeleton of in¬ 
sects are thus of quite a dif¬ 
ferent nature from the joints 
q of a vertebrate skeleton. 

The various kinds of 
spines, and sculp* that 
11 * i E V cover the limly and 
appendages of an insect are 
verve outgrowths of the cuticulA, 

Internal ridges and arms 
that hi [ice the skeleton or 
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furnish attachment points 
for muscles are ingrowths 
of (he cutkujn within in¬ 
folding* of the hypodermic 
All the sense organa of in¬ 
sects are products of the 
ectoderm, and consist of 
both euticuhir and hypoder- 
mnl parts, the sensory cells 
being specialised hypoder- 
inat cells with nerve con¬ 
nections. 


THH ALIKE START CAN Ah 

To follow the development of the embryo in all its parts at the 
same time would be something like trying to follow the plot in one 
of those old-fashioned novels that drags along through the lives of 
a dozen nr more characters and only lets you know what they all 
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have to do with one another in the last chapter. Since this account 
is not written as a mystery story * it is necessary to mention some 
things before we come to them, and go back continually and begin 
over again with each set of organs. 

The nli memory canal has been deveinping along with the appen¬ 
dages, the nervous system. the body wall, and other parts not yet 
described. Its rudiments appear very early, s<Him after the mesoderm 
is formed, as two masses of cells that grow inward, one at each end of 
the latter (fig* 20A* AM ft* P$fft)* These cell masses probably be¬ 
long to the same layer of cells os the mesoderm—i. o.* they and the 
mesoderm together may constitute the second or inner embryonic 
layer. This is clear in the embryos of animals that have a simple! 
form of development than insects. Anyhow* the two cel! masses nrt 
destined to form the stomach of the insect, and for this reason 
they should be the endoderm. They arc called the anterior and the 
posterior Ttmen ferm rudiment# (AMft and PMR ), since embryolo¬ 
gists prefer to call the insect stomach the w meson teron.' 1s which is 
scientific Greek for 4i mid intestine.” As the stomach rudiments 
grow, the first backward, the other forward in tin- interior of the 
nnbryo (fig, 19 B) t they take the form of cups in some species :md of 
long bauds in others, the edges of which overlap the yolk (T) t and 
come together nil mound the latter (C)* and finally completely in* 
dose it (D). The yolk thus comes to be contained in a chrsed sac 
of cndodennal tissue, and this sac is the stomach (D h I W) , usually 
known in the adult insect as the ventrimfoix, which is scientific Lai in 
for “ little stomach. 1 ’ From now on the yelk, which h the food of the 
embryo, must he absorbed through the walls of the stomach in order 
Ln roach I hr other growing tissues. 

The mature insect, however, needs more than a stomach for ali¬ 
mentary purposes. Since it must acquire its food from without, there 
must he an intake opening from the exterior at one end, and like¬ 
wise an opening through which waste parts of the food may be 
ejected. At the time the stomach rudiments are developing, or in 
some species before they appear, there is formed a hollow, tubular 
tngrowth of the ectoderm at the base of each, which elongates inward 
with the stomach rudiments attached to Its inner end (fig. 20 B, C), 
The anterior ingrowth is known as the rt&m&d&im (£tom), the 
posterior one a> the proctodeum (Prat) . Before the insect hatches, 
usually Hie inner ends of the stomodeom and the proctodeum open 
into the corresponding ends of the stomach (/>), and the insect in 
thie manner comes to acquire a continuous alimentary canal open 
at each end to the exterior, the stomodetim becoming the gullet, or 
oesophagus (<R Land the pttrtodctiin the intestine (Inf), With some 
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insects, asch us bcti nnd wiisps, whose larvu; live ill cells, Hful purii- 
sites of llsc same order whoso lurvas live in the bodies of oilier living 
insects, the upon mg between the stomach and the intestine is not 
itiitdc until near the end of the larval life. 

In adult insects, the stamodcal part of the alimentary canal becomes 
differentiated into a pharynx, a true oesophagus, a large saeltko 
crop (tig. 21, Or), and often a fourth part, or proventricnlns. Like¬ 
wise. two part;? are usually distinguished in the intestine. From the 
anterior end of the latter there grow out a varying number of excre¬ 
tory tubes, the Malphiginn tubules (fig. 21, Mel). All the parts 
derived from the ectodermal stomodcimi and proctodeum are char- 
notarized by living lined with an intima continuous with the cuticula 
of the miter body wall. The stomach, hying of endodermal tissue, 
has no such lining. 
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THE EEfiflBATOHT SYSTEM 

Th-o chemical changes that the protoplasm of living things under¬ 
goes in the process of keeping alive require u supply of oxygen and 
produce an excess of carbon dioxide. Hence, there goes cm a 
constant H exchange” or respiration of the^e gases between the 
organism urn I the outer world. Small, soft-bodied animals. nnd 
embryos within the egg respire directly through the skin. But 
most animals in the adult stage have some special anatomical ar¬ 
rangement for bringing the outside air into the body where the 
fUmica will have closer or easier access to it. Some have adopted 
and evolved one utethod, some am>ther. Insects have developed a 
system of air tubes, or tnchm, that branch profusely through¬ 
out the body (fig, 22) and end In thin-wailed tr&cheoles on id! the 
tissues that need oxygen for their maintenance. 
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Tho tracheie are ingrowths of the ectoderm and appear first m 
pita along the aides of the body. The pits deepen into tubes, the 
tubes fork out into brandies, the branches subdivide until the 
trachese front each opening, or spiracle, become si finely branched 
system like the roots of a plant. In most insects, some of the first 
branches unite with corresponding branches 
from successive and opposite spiracles, thus pro¬ 
ducing lengthwise anil crosswise connecting 
trunks. 

It is not certain whether the primitive spir¬ 
acles are to lie regarded as segmental or inter- 
segmental in origin; they are later subject to 
considerable shifting of position, though in 
general they remain on the sides of the seg¬ 
ments, There are usually two pairs on the 
thorax and eight on the abdomen in adult 
insects (fig r 2SJ &p) f but there is evidence to 
suggest that there was originally a pair of 
spiracles to cadi of the segments. The trachea?, 
bring of ectodermal origin, are all lined 
with a continuation of the culicnla of the 
body wall. 

ECTODERMAL ELANDS AND €B$QCtTFJ£ 

A great variety of gland" are found in 
insects t imt open on the surface of the skin or 
parts derived from the ectoderm. Chief among 
these are the salivary glands opening near the 
mouth and the glands of the female that form 
a substance used either to glue the eggs to a 
support or to make a coveting for them. 

Other glands, however, form disagreeable- 
smelling i=ubstauccK, the odor of which is sup¬ 
posed to ward off enemies, and some ghmds 
secrete substances that are used as food by 
other members of the species or by members of 
other associated species* Honeycomb is a waxy 
product of glands in the wall of the abdomen of worker bees* 
and the same bees feed tho brood with a “royal jelly TT secreted by 
glands opening into the mouth. All these glands are simply ecto¬ 
dermal cells that have acquired special functions. Some glands are 
one-celled {fig. 23 A, OWl) and remain Hush with the surface, 
perhaps penetrated by a tubular ingrowth of the surface cuticula, 
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whirl) senes ns ill) nutlet canal. or duct ( Dct )< Others lira simple 1 , 
hollow, tubular, or surlike ingrowths of (he body wall (13). while 
still others are of the sillin' nature but are com plicated in form by 
being branched or by having Soccmulary outgrowths from the main 
tube K’), the latter often bring enlarged to form ti reservoir {//«’#.). 

No( much, is known concerning internal ductless glands in in- 
sivlK, bul many sjasititss have certain large, free cells within the 
body cavity, known as nwecy/#*, which apiH'sr to In* of this nature. 
Most investigators claim (hat the irnocyteti arise from the ectoderm 
of the embryo along the sides of the body. If they are glandular 
iu function, they are probably, then, ectodermal glands cells d«- 



Kid. *£X ■ ITiire < ij |H‘s ul liuirrf Simula ilrrlini from tlu* . 

A r a ana-mlled claml I OU'H whlrb n un of th^ 

tln-iols IJ/jM, rtntmlfllnjt nft^o a ULlnilgr twrotti * Hi t I of ihe cntic* 
ntft Iff) irrr!Dj« tvm ,m MUitri kind. II, a Bunsj-ttM 

(Iyi) fchmu'il w* a lull EG w incrowtli of Ttra waU. In whh-ti rh^ efiifc- 

Uln iMnDHV tbp ilnLii- ihrLiiu Unj + Ullil lilt- nifro»Hj Mvk arrt^ Urn a 
iln-t'E ifM I. (% a romponndi nknnj-r^U«l ptcrtlumJ bj a IfUClllflfl 

&f tjpfr II. often With ab enlnrKrd |Mirl or the «P m*m durl (Ofct) 

atfVlllf as n PtSHFmpoIr * Kr* L 

tachcd from tlieir original nites and become free, intern ah one- 
tilled organs. I n the head* just behind the bruin, there is a pair 
of afoall celhiki' bodies known as the corpora aZfiifo, likewise 
derived from the ectoderm. and these* too, are often supposed to 
be internal ductless glands. 

THE 51 V SC ”fiKH 

The muadc tissue is derived from the mesoderm, though h later 
beooures intimately attached to the ectoderm* The mesoderm is at 
fir>t usually n solid Inver of rells (%. 13, Oh, E, F, Me&o) in the 
ventral part of the young embryo, continuous from one side to the 
other* but a* it arrows upward in the aides it breaks apart hi the 
middle and leaves an empty space beneath the alimentary eunul. 
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The mesoderm til wings then heroine split in In outer mill inner 
layers and the spinet Iwtween them, joined with that just noted 
beneath the alimentary canal* const Rule the body cavity of the 
insert (Kg. 21* BC}+ The outer mesoderm layer* become 

applied to the hotly wall: the inner ones (/.V^m) to the wall of 
the alimentary canal (AW)- From the lirsi are formed principally 
the muscles of the body and appendages* ami the fat tissue; the 
m om I forms the muscles of the stomach, and the ^productive 
organs 

A muscle consists of fibers, and each filwr appears to he a highly 
spr-r hi lift'd cell, except for the fact that it contains many nuclei. 
Investigator* differ as to 
whether the fiber is a prod- Dph 

lift nf many cells that have 
united, or whether it is a 
single cell, the nucleus of 
which has,many times di- 
v i ded w i tl 10 nt necom pa ny ■ 
mg division of tlie cell it.self. 

In either case the building 
nf the complex muscular 
system uf the nduIt. |N k r- 
fectly adjusted to all flic 
mechanical needs nf the in- 
sect, from the layers of 
simple mesodermal cells is 
one of the most remarkable 
things in insect development. 

THE YaT TMBBUB 


EMeso 



iMeso 


Eld. ”4 |iJa&ItlttU«LhLl( CiM«S IJyll L 11 C.rlJ 14,1b 
tLidtamc-n of ii rj t'TnhfrjQ w]i»'n bL^rrutl orgun* 
in HiiraUjr dcDiictl 

.l|in h frrfcmn'Jital fl riJ'iS'Plilfl^ Of priMQf t| f flf^, 
l^ody rarliy : fffrh . ifc>irn:iL illii [i-b m RT7I I JKS', ilnmril 
■Inns; AVf. r:i(**a, nU-rrui] m^witinB 

lifer I '-•‘►nsn E IrtjWf): f.'pui, uloumrli indo- 
il^ml ; acrfi. jf^rui c*U*; lit. brun ; f ii^mu r 
lijiihi-r n i> ■ i n I itii i Lifer Uplcin^bnk En>cr»: jffr-p. 

refOwlacUvc oritnti : Pm. aui^r «h I »f tra^rn 

rt u> L oflienJiii; t*» eft tartar i ■Eiltrtrtak: I'.vr, vfflitrnl 


In the body cavity of 
inlets them is a widely 
stuttered tissue consisting 
nf large cell*, sometimes: compactly united* sometimes loosely held to¬ 
gether, that constitutes what i* ordinarily called the " fat body.” The 
name is only partly appropriate, for, though the cells always store up 
within them a large amount of fatty nil {fig. 2 ?k Ft)* they also form 
and hold in storage proteid materials in the form of small granules 
(Alb) and, in some insects* animal starch or glycogen* The fat Iwkly 
is really an organ for elaborating reserve food materials, and is of 
greatest important in those Insects t Em I change from a worn dike 
larva to the adult through an intervening pupal stage. The ma¬ 
terials in the fat cells then servo as nutriment during the recon¬ 
structive period, when the insect takes no food. 
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The fuL lissue is derived from the mesoderm. It is present only 
in sieuiII umount in the embryo, but increases rapidly in the young 
insect after hutching often forming great masses tilling all avail¬ 
able space in the body cavity, particularly in the lame of those 
insects that must prepare for a tinal metamorphosis into the adult. 

rm: cjstULvroitY organs 

Different kinds of animals do not necessarily have every system 
of organs equally developed. The insect, for example t has an 
elaborate respiratory system, but its circulatory equipment is com¬ 
paratively meager. Its * blood” is 
the slightly tinted liquid that tills 
the body cavity and directly bathes 
the tissues in the bitten This fluid is 
kept in circulation by a long pulsating 
tube, or heart, lying just beneath the 
midline of the back. 

As the upper undivided edges of 
the mesoderm layers approach each 
other from opposite sides in the dorsal 
part of the embryo, their apposing 
faces Ijecome hollowed lengthwise, and 
when finally the two layers meet the 
edges unite to form a tube about the 
space between them. This tube is the 
heart (figs, 24, 27 } IJt)< r ITie meso~ 
Kraauhra ctf profrU material derm cells extending outward from 

the heart on each side are reduced to 
thin sheets, together forming the diaphragm (/>/iA), a membrane in 
the adult, in which are developed fan-shaped bundles of muscle 
fibers attached at one end to the body wall and at the other to the 
ventral wall of the heart. The diaphragm shuts off a apace, ihe dor- 
-Jtl sinus (fig. :!4 t />X), in the upper part of the !x>dy t which incloses 
ihe heart, and the blood must, therefore, first enter Ihe dorsal sinus Iw- 
fnre it enters tEvtr heart. It gains access to the former either through 
open spaces along the edges of the diaphragm or through perfora¬ 
tions of the 1 utter j and it then enters the heart through apertures in 
the sides of the heart walls. In the abdomen the heart Incomes seg- 
mon tolly enlarged into chambers, but in the thorax it re mains tubular 
and extends into the head where it cqxma beneath the brain. 

The course of the blood and the structure of the heart in the adult 
Insect are shown ciiagrunmiatkaJly in Figure 26, The pulsations of 



y Jti. 25.—^TFi^lFa] fa I culla flf an 

Ili-t i/t etUrlhL" & HEUfJ* T'T^tJLH^ 
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tbe heart suck the blood into it through it* lateral openings, or ostia 
(Ost). drive it forward, and tlicti GSpel it into llie held, From here 
it percolates backward between the organs of the body cavity, goes 
into the dorsal sinus, and finally tfl&lets the heart. I lie number of 
chambers in the heart varies in different groaps of insects. Usually 


there is a pair of ostia to each chamber 
and one pair of 11 wing muscles,' but 
these features, likewise, are not constant 
in different insects. 


r\c\ 



THE H^rtlODUCTIVE 0®0ANG 


The internal parte of the reproductive 
organs* in which tJie germ cells are lodged 
and in which these cells undergo their 
development intu the spermatozoa or 
eggs* according to sox, appear first as 
thickenings of the upper parts of the 
inner mesoderm layers In the abdominal 
region of the body* A strand of cells 
proceeds rearward from each, which be¬ 
comes the duct, opening usually into a 
single, median outlet tube formed as an 
ingrowth from the ectoderm near the 
posterior end of the body. The germ 
cells (fig fc 10 B, Cj GCh ), during the 
growth of the embryo, wander about for 
some time in the other tissues, l>ut at lust 
they come to their abiding places in the 
reproductive organs (figs. 24, 27, Rep.), 

THE tODNG INSECT 



Ktii. —DLa^rank iif Ihc tjp- 
Eeftl jeroomr-' of tbc ln-in 
Atu.1 ilLra |ili ra tfeu h >t an i iLStMTC, 
nnd Hub ccufws at tin* clfi'u- 
laElnir Uloi«! (J ti il Lm (*<J |>y 
arrows j 


The story of insect embryology, as . 10 * aorEn. or muriw tutm- 
briefly outlined in tho preceding de- 

scriptions- shows how it L-omplex animal i'»n iHiphrnitin; iff, wn^rieir 
comes into exirtenw from the simple^ af lliH[ph ^ mB 

possible beginning* First, a group of lar^aiij io wain n* i + 

primitive body cells it) W,1 l,v the ““i*™- 1 .. 

repeated division rtf a fertilized egg 

mirleua. These tells continue to multiply and their increasing 
descendants segregate themselves into other groups, which subdivide 
iigaih into minor groups, until there is a group of cells representing 
each tissue of the adult animal. Compound organs are formed 
either from apociifiMtl cell groups all of the same tissue, or by the 
union of parts derived from cell groups of independent origin. 
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Thom is nothing visible or otherwise discernible w i £ lowered 
within the growing organism to show what endows if-s veils with this 
wonderful power of omingiug them solve* into u new animal, which 
is sit the same time almost a replica of the parent fortn; hut there i» 



Fie. at.— Cro*i vm-Uihi tbtiviigli dc.rM -1 enrF r.f 4 ib 4 amfn cf 
rrobrra of ui&lr boitejlw*-, tFfgnn frHiii IWdnlOTltcbi 
flph* ilAr^Al s|]jnihruj;fLi: Jfi-r. ri-tijfri-n; jrjTm, i ^cnul 
rariiulvnn Idjfr 3 £*d, 4titUUlE-lj I rni] i ill I- 1 ! Jem l GVh. Ri-rni 

r^SI h.■, ilt 4 barf; Jifrou. iiifti-r ihi-mhIit™ li$rr aepHrtl In 
aOmiitcb vrull; Ktp. rt'prodtitl Iv* orcmi. 


also no good reason for supposing; that our ignorance of the s£erot-s 
of development and heredity is different from any other special him- 
of ignorance that hos heel) dispelled by n^urch. There is nn- 




^^'VirioiU furUis# »*F you rift Lfcin‘i , !-« 

i :. r>ulL|! E^twprprr. U d A yiuUJij; nmtfa ft fplir DllGuCi ; pfli-r 'H ilT4'3 j itlK- l\ llte 

ul « molb { rt eater'plilfar). D, a young E. u jctlejj j|jt ^ 


i|cinblolly ii cause for tin vital processes that trims form l hi- egg Into 
llit* nml lire ernbryu, ami this cause will Is- uttderstaitilablc wlit-n it 
is discovered, though, as with all other things: j„ nature, j r will I*, 
umlcrstaiulublo only in terns of incomprehensible forces. 
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Along with the building of the tissues mid organs within tbe body, 
there goes on ft modeling of the external form into that which the 
creature will have at hatching* With most of the higher animals, 
the young at hatching or at birth is twagniaable as the progeny of 
its parents, and this is tr m nf many snsects, such as grasshoppers 
(fig. 28, A) and roaches (B) s A young fly (E) f a young bee nr wasp 
(1,1), or n young moth or butterfly (El however, comes out of the 
egg in a farm whose parentage would never lie guessed from its 
physical fibanict^rs; those insects must later undergo a trims formn.- 



I'm. 1 H J.- lMn^iiifti uf Htruriittre ,.f * fhI'ttfi'Ursjlly 

HuitiLn* lo*i'‘i e ifrmalb*). aliuwlrtfi Hfprinlag ;^ of *mr iblc hm|>- 

4LliiNiP|r , n 1 Ilf M- n r ?CH'n f H ll-Xilt : *Uif . AHliTIEIrt : f’rf 1 , ivrrilM J 

Ft, .EiaafHNCJiFiil e-jw; If, ht«adj L fI Ij Ir'cs af Brut, uml third 

Oiihraflc! i- l; mi :Hit: LL P In hi urn i rI• . ujilrNl bk^ohhI bhiiiJLIriv, r'i,^ I [it, 

- JLitt, Luhruiu: Jfd. munllbK-: lif^ r lucutsill.i , an*, &vlpH-4inr t 
Kp. uftndrt; T*. ttiHPriii. nf Ihrt-tf fc-gnu-ni* if, J) ; \V L , wiu^ 
bttncbn| 1u ■KOtk) ftftd Ehkd [hunu'lc i^moiitiiL 

tion, or metaiuorpliogb. before they attain the form of the mature 
insect of their species,. The double Jives that *mh insects; lead en¬ 
ables them to take advantage of two quite different environments 
during their lifetime* In t be first, or larval, period the young ho 
sect specialises on feeding* and its anatomy is modeled to that end; 
hi the second period the mature insect devotes its energy most I v to 
the business of mating and egg laying, and Ii s eon struct ion is adapted 
eo 1 1 IC-W pui'jMPScs. but, lading the adult, its form is already that of it- 
species. Hence, it in clear ifiut Hie form of the young is one an) id ret] 
by u departure from the nrevcnil path To understand the advan¬ 
tage of this duality to the insert, we have only to imagine how much 
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simpler our own existence would be if, during the linst half of our 
life* wo could earn and lay by a sufficient amount of money to lit; in¬ 
dependent during the sccuml half, when wo could marry and ndfc-e 
families without working at anything else, and without worrying 
over the need of providing foud f or paying the rent, or the mortgage. 
Insects, in fuel, have adopted many advanced ideas during their evo¬ 
lution, and as u consequence they own the earth. The principle in- 
convenience of their double life is in getting from one stage into the 
other. This involves a process of thorough reconstruction, or rneta- 
morphcKts, during which the creature is helpless and assumes the 
form known as the pupa. The subject of metamorphosis is one of 
the most interesting phases in the study of insects, but metamorpho¬ 
sis belong* to the postembryonic period of development and is, there¬ 
fore, beyond the limits of our present theme< 


THE ROLE OF VERTEBRATES IX THE CONTROL OF 

INSECT PESTS 


By W. L. Me A tee 

AMiMtnmt in cJtertf#, RivMo* of Food HnbW* Hcxmmh, 
United Staid tiiotogteal Bum??. 


[Wllh 7 plates] 

That vertebrates eat insects is common knowledge. What their 
destruction of these creatures means to the welfare of man, however, 
fa appreciated by comparatively few. Indeed, even at this late date, 
U in list l*e confessed that we know so little about the fond habits of 
vertebrates other than birds that it is impossible to give u very 
satisfactory account of them. The unavoidable result of this situa¬ 
tion is that the present paper while technically embracing all of the 
vertebrates* practically is devoted very largely to birds. 

However, to give other members of the backboned clan their due, 
we may begin by adverting to a fact made familiar by the work of 
the Bureau of Fisheries, as well its by that of the Bureau of 
Entomology, that certain small fishes are effective enemies of mos¬ 
quito larva?, and that they can be used to advantage by man in his 
warfare against these pests. This seems to he the only outstanding 
credit to the fishfta, although trout, and no doubt other fishes in 
infested waters, devour many black-fly larynx The feeding of fishes 
on land injects dropping into the water is ipf little economic sig¬ 
nificance, .borause desultory, and affecting Individual insects, n large 
proportion of which would be eliminated anyway by drowning. 

Among the class that is ranged next to the fishes — mimely, the 
amphibians—we have numerous insect ivorous forms, but because of 
I heir aquatic habitat many of them come hut little In contact with 
insects injurious to nmn. The toads constitute a striking exception 
to this rule, especially the common forms that frequent cultivated 
fields and gardens. Toads are practically omnivorous in relation to 
invertebrates occurring in their habitat, and if an inject living on or 
near the ground is abundant enough to l>e the cause erf damage we 
may he sure that any toads in the area will In? feeding upon It. The 
common toad bus a good record as n predator upon millipede nuts, 
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cut worms, 1 hi- army worm, tent ni turpi liar, gypsy caterpillar. June 
bugs, rose chafer, potato beetle, and the alfalfa weevil. 

The food-habits of the class of rep files are less definitely known 
than those of any other vertebrate*, So far us snakes are con¬ 
cerned it appears (hat only a few of the smaller species are tie- 
ddWly iiiseci ivormis, ami they are Hindi comparatively scarce anb 
mala that they cun have but little <?IT*-et upon the numbers of 
The tin ties, being chiefly miuatic. ure in the same position m the 
water-loving amphibians- -that is, they come in very slight contact 
with insect? noxious to mam* The lizards are highly insectivorous, 
but are rattler meager]y repnwnted over most of the United 
Slates. Some of the western and southwestern upceies, how¬ 
ever, appear to be importune enemies of grasshoppers and lints, 
ariil to be generally use fid a- insert destroyers. In hot countries 
limrds are more numerous mine, arid voracious, and have been 
credited by suinc writers with l^ing os valuable individually us are 
iii-vrtivnnni* birds. 

Among ntammids we have some highly insectivorous groups as 
the bats, shrews, and moles. The exact nut ure of the focal of hat* 
is little known but it includes all sorts of Hying insects of Hisses 
those HiiiuialH cun swallow, including mosquitoes, but I he latter 
certainly in no sm h extent us lias sometimes been claimed. Shrews 
and inules geL nuimrou- ants wireworms, cutworms, aiul while 
grubs, and doubt tens do more gmn] than harm. The short-t ailed 
shrew has proved lo Fie one of the principal enemies of llm lurch 
sawfly and in New Knmswkk* it Inis been ascertained that 40 
per runt of the cocoons are destroyed by this shrew. Arboreal 
squirrel h sometimes feed freely cm sea te insects and other tree 
pests: the western ground Hjuirrds eat quantities of injurious in¬ 
sects. such as cutworms, wire worms, and grasshoppers; ami the 
so-called grasshopper mice perhaps dr.-serve their name, ami un- 
doulitedly are mure highly insectivorous than the majority of their 
tribe* The armadillo, which rxvtn> in the United Slate- only in 
Texas, is a voracious ronauiner of insects, especially white grubs 
a lid their adults* caterpillars and ants, and the badger occasional Ly 
makes a hearty meal of gTasshojjjjcrs* immature cicadas, or beetles. 
Of our larger mammals, skunks certainly are the greatest enemies 
of insects. Army worms, tobacco worms, and white grubs are 
favorite prey of these i ntmi k In Manitoba. Mr. Norman CViddic, 
field officer* Canadian Entomological Service, climated tbul on one 
3-aeru tract skunk* destroyed 14,520 white grub- to the acre. Cut- 
worms, (In- potato Ijeetle, ami grasshoppers art* other insect pests 
eaten by skunks, ami I lie common eastern skunk once proved so 
efficient an enemy of the hop grub in Now York, that the first 
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legislation protecting the animal in thut State was passed at the 
demand of the hup growers. Investigations in New Mexico by 
the Biological Survey showed skunks also to be the most important, 
natural enemies of the range caterpillar. 

While we must confer that we do not know aw much about the 
food habits of vertebrates, other than birds, as we should know and as 
we shall know when investigation!* now In progress are completed, 
we can safely assert that no investigation is likely to upset the 
present assumption that as enemies of insects, birds stand supreme 
among vertebrates. If for no other reasons* we are thus confident 
because birds are more numerous in species and individuals than 
other inaectivomas vertebrate^ and their greater mobility enables 
tbem to concentrate cptickly where unusual food supplies become 
available — that ia* at the scene nf insect outbreaks. 

The most extensive studies of the food of birds ever made have 
been carried on by the United States Biological Survey, but these 
investigations fur the most part have been directed toward learning 
what birds eat in general* rather than determining the explicit effect 
of their food habits upon certain inserts or cither pests. The Survey 
lias a great store of data us to the items of bird focal, and the num- 
twrs and proportions in which they arc taken; it tan furnish com¬ 
prehensive lists of the bird enemies uf n vast number of insects, but 
it is nut in a position to rejxirt from its own resources, what degree 
uf control birds attain over this or e hot particular insect pest. 

In fact opportunities to get such information come infrequently 
and the observers most likely to lx* favored are the men in the Held 
who are working continuously upon an insect outbreak. These men, 
usually, are economic entomologists, numbers of whom* fortunately* 
have made good use of their opportunities, and it is largely upon 
their work that the remainder of this article is baaed. The writer 
is the more justified in {puding their findings so freely since economic 
ornithology, not only in this, hut in other conn tries, has been fostered 
and inspired chiefly by rnlomologiwis. 

Among the earliest champions of the value of birds in this country 
were Dr. William he Baron, of Illinois*and Dr. Isaac P. Trimble, uf 
New Jersey, both well-known entomologists. These gentlemen did 
not neglect the examination of t he contents of bird stomachs* but it 
may Ik? a surprise to team that Dr. Towitend D lover, first entomolo¬ 
gist of the United States Department uf Agriculture* not only rx- 
mined the stomach contents of many birds, but had in the old agri¬ 
cultural museum a colled ion of mounted birds with their food in 
vials liestde them. Furthermore, one of his annual rejKirls, that for 
1865* was devoted largely to a general n* count of the economic value 
of birds including results of his original investigations. The United 
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States Entomological Conunbaion of the seventies did not fail to 
give due credit to bird enemies of the insect pests it studied, and in 
the report on the Rocky Mountain locust, gave to the world the moat 
extensive paper on the food of birds that had appeared up to that 
time. The researches and philosophical writings* of Dr. A* Forbes, 
of Illinois, during the eighties earned for him the name of founder of 
the science of economic ornithology. The Biological Survey which 
lias earned the study of the economic relations of birds farther than 
has ever Iseen done elsewhere, had its origin as a section of economic 
ornithology in what then was the Division of Entomology, Al¬ 
though Ibis arrangement did not lust long, the first two reports pub¬ 
lished by the new organization on the focal of insectivorous birds 
contained technical sections on the insect food, written by those emi¬ 
nent entomologists. Dr. C* V* Riley, and Dr. E. A* Schwarc. 

Not only did entomologists have ranch to do with the origin and 
establishment of economic ornithology in this country btit their in¬ 
terest in the subject has been actively maintained to tho present day. 
References to the value of birds are especially numerous in the writ- 
lugs of the later entomologists, Lintner* Slingcrland, and Hewitt, 
among the deceased, and among the living. Weed. Bruner. Sanderson, 
Felt, Hopkins, and Chittenden. In Canada Dr. John D. TothiH has 
been especially active and has published a series of splendid pap*'s 
mi the natural control of insects, in every one of winch birds have 
been given great credit. 

In a recent work on the Principles of Insect Control/ the 
authors, Mr^rs. Robert A. War die and Philip Buckle, devote an 
entire chapter to bird encouragement. In summing up the economic 
stains of British birds they state that the “cuckoos, swifts, lap¬ 
wings, woodpeckcrst and the majority -of Passerine birds, particu¬ 
larly ParidiE (tits). Turd kite (thrushes), Museicapida* (flycatchers), 
and Hinmdinidfe (Wallowa), arc of the utmost value” (p. 61). 

Having by now made the impression, the writer hopes, that eco¬ 
nomic ornithology after nil is very much nu entomological subject, 
we will proceed to a systematic discussion of the value of birds m 
insect control. But while so doing we must avoid anthropomorphic 
reasoning to the effect that birds prey upon this Or that insect to 
assist mankind. On the contrary* whatever they do in the way of 
feeding upon insects is for reasons entirely their own, but it so hap- 
prtis that in carrying on their customary activities they sometimes 
do great good in the suppression of insect pests. 

Wo must remember also that insects are not the sole food of birds 
hut that the birds draw on all the sources of food available to them, 
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including the vegetable as well os the unimrd kingdom- Probably 
half of the total food of birds in general is of vegetable origin* 
Again, all Barts of uhl umIs from protozoans to mammals arc eaten, 
and insects do not contribute more than their duo proportion* In 
short, we must bear in mind that birds feel to o obligation to help 
nor do they, as we might wish, feed exclusively upon inserts. These 
limiting factors understood, we shall be the more able to appreciate 
the activities of birds at their true worth* 

Despite the adaptive radiation in food habits which birds exhibit 
and which leads in more or less specialization in various groups, 
few kinds arc so absolutely bound to peculiar feeding s pet hods that 
they can not forsake them temporarily when some food becomes 
aiaibhle in unusual abundance. Fur a simply stated iHnstration 
nf tbk phenomenon the writer draws on I>r. Lain: P. Trimble, the 
pioneer economic entomologist of New Jersey, who, in his Treatise 
on the Insect Enemies of Fruit and Fruit Trees, published in 1865* 
wrote i 

On the ftth of May. Iftivi, I shot s-vea different birds*; they bad all bean 
feeds w; S an fan all bcetln^ amt wain at them on nothing Thera was 

a pmjiit flight at (hone small beetles that day; the nfixrtkgpbcra waa teeming 
with them. A few days Inter, the air wuh filial with ephemera filets and the 
same specie* of birds were then feeding upon these (p. 113). 

A more elaborate example of the .same tendency on the part of 
birds la Prof, Samuel Auglicy 1 s findings during his studies of bird 
enemies of the Rocky Mountain locust in the sixties and seven tics. 
Tempted by the abundance and accessibility of these Insects, birds 
of every kind Hocked to the feast. Land birds and water birds, tree 
frequenters and plains dwriters* whether normally fish, flesh, seed, 
or fruit caters—all, from the diminutive humming bird to the 
largest hawks, came to feed upon grasshoppers. 

Not only is a further sinking instance of this phenomenon re¬ 
corded by Dr. S* A* Forbes as a result of his study of birds in mbit ion 
to canker worms in Illinois, but the com l uni tint* to be drawn are stated 
so clearly ns to be well worth quoting* Dr. Forbes says: 

Birrla of ihe most Titled charnel cr nwl hn lilts* migrant and resident. nf all 
fsl^iSp from Llie tiny wren to the btuujuy. birds of the forest* garden and metul.jw r 
tlasse of arboreal and those of terrestrial habit were certainly either attracted 
tn detained here by tike bmmtifttl supply nf insect fowl, nnd were feeding freely 
npim the species most abundant. That &5 per cent of the food of all the birds 
conprc^ated In tW* orchard nhoiiTc] bare consisted of a Finite specie* of Iraect, 
Iji fl f nc t m extraordinary that Its meaning uniu not bo mistaken. Whaler or 
power the birds of thbi vicinity possessed as cheeks upon detractive Irruptions 
of Insect life was being largely everted here to restore the broken balance 
nf organic nature. 1 

I F^rtwn. fi- A.: The Kqdlttfc Actios of Blnk tipofi Ifijpct OHrlllnlhlii, Ball. HU FUi* 
Labpraterj of Sal oral Hlatwy. Vol- I + No, S, May. 1B&3* pp. 2b-21. 



420 


ANNUAL BEPOHT SMITHSONIAN INSTITUTION, 1923 


Whether the pressure thus put on irrupt inns of insects is ever effec¬ 
tive in securing n worth while degree of contif.il is a topic upon which 
it is natural to lie skeptical Insects arc wo numerous and propagate 
so rapidly that it would seem they would always evade control by 
so limited a force aw the bird population* Vet when we consider the 
results of the feeding habits of birds in other and more easily ob¬ 
served directions we begin to see that their consuming capacity is 
certainly impressive. For instance, consider the devouring of wild 
fruits by birds; it is quite the customary thing for a flock of birds 
to report constantly to a certain tree or group of trees for food until 
the entire qpp of fruit in consumed. This process is illustrated 
nearly every year in I he parks nf Washington. When the spring 
migrating impulse is on* cedar birds usually ooute to the parks in 
large numbers, and it is their habit to devote themselves to one kind 
of berry until it is gone. For instance, should they begin on holly 
they will finish all the holly Irerriea in the Smithsonian Grounds, 
let us say, then they will nest bo found in the Capitol Grounds or 
j in some other park working on the hollies there. Then they may 
turn their attention to cedar berries, if there is a crop, or to barber¬ 
ries, or to other fruit available* f have observed in various years that 
after cleaning up the berries they have even consumed the [Kids of 
the Sopliora Irees, feeding Wasteful)? upon them at first, but later 
descending to the ground to go over again the remnants nf the feast, 
I have seen on different occasions flocks of blackbirds, or of purple 
finches, or robins cons nine the entire crop of dogwood berries, not 
only of one or a few trees, but of all the trees in a wwdJimd. Indeed, 
this manner of feeding is quite characteristic of birdy. 

If birds can do such things, if they consume in a brief time nil 
the berries on a tree, is it not equally possible that they can consume 
likewise all of the insects? The answer is fin emphatic and in¬ 
disputable “yes.'* Such clean-up work not only can be t but has 
been done, and there is here given a summary of the recorded in¬ 
stances so far as they have been assembled. 

For convenience the rases are arranged by orders of insects, and 
it will be understood when the word control is used, that our 
authority has made a statement indicating a high degree of control, 
and the word suppression when the insect concerned has been locally 
extirpated. The latter cases have already been treated at length 
in an article entitled £t Local Suppression of Insect Pests by Birds, B 
published in the Smithsonian Report for 1020.* All data used in 
the following note* on control jiertoin either to the United States 
or Canada. 


* 1U23, E> 411-13?. 3 11-1ri- 
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TERMITES OR WHITE ANTS (IflOOTEKA). 

At least three times the writer has personally made the observa¬ 
tion iind he has had similar reports from others, that English 
sparrows, discovering a warm of winged termites emerging from 
rhe nest, prey upon them so persistently that hut few individuals 
escape. 

r;KA8SHOFPER3 AND CRICKETS lOllTQOI’TElUL 

Tliert 1 are at hand 31 instances of control and IP of suppression 
of them Insects in 13 States and l Canadian province. Among 
the authorities for the statement* are included the following en¬ 
tomologists: Prof. Cyrus Tlmmaft, Pro! Lawrence Bruner, Dr, E. 
Dwight Sanderson T Mr. Norman Griddle, Dr* H, C. Severin f and 
Messrs. A. C r Burn LI, J. K. Horton, G E, Pemberton. C. L. Corking, 
and Max Keeher. Doctor Sanderson, in his report* on the differ- 
entml locust S Mt'hmophw diferentialh) in Tcniis, states tliait birds 
k% undoubtedly did more than any other natural agency to check 
the pest," Mr. Keeher remarks that birds wen? so efficient in con¬ 
trolling the Coulee cricket (Per&no&rtix urahritollh) in the Dry 
('older region, Washington State, in 1918, that arrangements for 
a 101 il control campaign were abandoned. Meadowlarks were nl- 
infLst entirely rrejHiiistble for a complete clean-up of the area.* 

Mr. C. C. Chile relates the following instance of money saved 
through attracting bird enemies of grasshoppers in Iowa: 

I know one farmer In particular whn Inst dnrliij? ea* summer three rows 
of wni 40 rods lone. The com kmw next in n fence row heavily Ridded with 
hluc$rra£# + which [tfodticcd * wanna of tnttrahtipfiera. For the nake ipf the 
tttZttrlmc&t alene, for this fanner was n skeptic, last spring he pat up 21 
hlrd houses, pirn eil 2 rods apart* on the fence nl<mg the m md-^ The h auhg* 
wtm? MPinp that he mid rhsr Ihijh had mnde, during ihe winter months from 
tiry goods hoies obtained In Iowa Thirteen of the 21 Imnw* wn-ru Inhabited 
during ihe following summer, 0 by wrens, I by hliieblril-s and 3 hy colonies 
of ritirple martUis, The KTJUwhnpprrs thnt sumnn'r mode a rii-h living for 
Uh* IdrrK and when the fall rame rhat farmer had The as tbf action of gnLher- 
l»ff btiabela of coni from the Onto mw* that grew ne^t in the feare, 
right where there had been no com til Jill the year before* 

An account of bird control of Ortboptem can hardly omtt refer¬ 
ence to llic historic cn m of Suppression of the Mormon cricket 
(Amhrm ampler) by California gulls in the early da vs in Utah. 
Hon. George Q. Cannon* speaking of this insect and Its bird enemies 

* Ml, Of. 1?. S* mr Etil* iWSfl. p. 22- 

* In UorrlTL A. C Cmd f. FT*h nrad *>nTnr« fl, Nn, i. jan., IIHO, p. .IS, 

*l«wna OtanirtnllDlT. Jo emcirv-March, I91T* Yol. l r Nn. i, %2, 

70041—SB - SS 
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in an address before the Third National Irrigation Congress, in 
Denver* ISM, said: 1 

After our grain had beeg s-iowa and our Uehtfl lookout penhjiSsIeie, hlack 
irrlrkrl.N t-fltne * * * liy Hie iulllircfifl and difrntitvd fiUr CfOp& l tlfltfp sem 

Jleltb* of w Ih ell an prniiilsliiii nw they route t>o in the tnoreEnf and b? ovcnlnp 
they would be an hero a man + s hand—devoured by these cricket*. * * * 

To o* who lived in Utah about that dine it reined there was a visita firm 
ctf PrtiriitaHffl to mito cla. Kca polls amo by hmnlreflR ami by tlioujtrmdK, and 
liefon? [he emp* were entirely dostniffU these gnUa devoured the Insects, so 
i hnt our CeJds werv entirely freed from them. 

This testimony is corroborated by that of a correspondent of the 
first entomologist of the Uni lei 1 States Department of Agriculture, 
Dr. Townend Glover, who records 1 that u Mr, James McKnighf, who 
lives in Salt Lake City, states that when the Mormons first emigrated 
to Utah this cricket appeared in immense swarms, destroying their 
whole crops of wheat, etc., and that the second year they also 
appeared, but providentially, or miraculously, as it was deemed by 
the Mormons, vast flocks of white gulls suddenly appeared and 
destroyed the crickets to such im extent as to almost eradicate them 
for the time being, thus saving the remainder of the crop, upon 
which alone the half-starved Mormons had to rely for food for the 
next season. Since that time these birds are held almost sacred in 
Utah* 11 It may be added that a monument commemorating the 
valuable aid of the gulls has been erected in Salt Lake City at a coat 
of $40,000, 

CICADAS* PLANT LICE, ETC, { HOMOPTEttA) 

Among entomologists. Dr. John B. Smith, Prof. F. M. Webster, 
and Dr. G E. Marlatt agree that the periodical cicada is practically 
doomed to extinction in city parks or other localities where numerous 
English sparrows have a chance at them. Five cases of practically 
complete local extirpation of this insect by these sparrows am on 
record for the States tiT Illinois,Ohio, New York, and the District of 
Columbia* Doctor Marl at t also records the absolute failure of these 
insects to establish themselves even after artificial planting of 
enormous numbers in the Agricultural Grounds, because of the at¬ 
tacks of crow blackbirds. 

For the pear psylla Prof. M. V* Slingcrland gives an instance of 
control by birds in New York, Mr. E. H. Forbush one of the sup¬ 
pression in Massachusetts* and Mr. H. A. Surface another for New 
York State* An account of the latter instance is of value in showing 
how birds were put to practical use m solving a problem in economic 
entomology* * 


'IrrfcfttJdfc Aar- VsC VTI F Ne>. pp. 1S6-1S0, On., 1WH. 
■ Krp. Cbmttir. Ajr r . p. 10, 1BTL 
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A fromlnoikt grower fi£ pear* in New York reported to U* UMilhctiad last ninny 
of Jib l^i-fL r erepe, mmuiuitiiii; tq ihmis^nnis of busing by tliis pest, nml in i ] i c.- 
fnll, l£ tt was [itwent In prvaf fltmilirrc cm the trunks of the tr^ ll aniKankl 
I lint \t would puss the wlnler there nml destroy hln erujw ttjailti neit year 
However* the white hreastts] nuUmtclirc eame to the orelinnL in munhurs, nmj 
he encti united them to rernnln by fasten I pteceq of fnt mfittt in Jib tteeo nml 
protected them from motartilUon. The nuthatches remained and fed on the 
[ie«t aU winter nnd cleaned np the tries wj effectively Hint he cnuM wcinely 
find any of the Insects in the spring,' 

III the on sc of plant lice we have one record by Mr. H, A, Surface, 
of control of tlie apple aphis, in Fonnaylvaum, and the following 5 
cases of suppression: Pea louse, one in Massachusetts, by Mr, E. H. 
Forbusli, and one in Now Jersey, Dr, John B. Smith; rose aphis, 
one in California, Mr. H. M. Ku^dl; and unidentified aphids, one 
in Washington State and one in Massachusetts, 

The writer has made one investigation of the bird enemies of 
plant litre, the insect being t he green bug or wheat aphis. On a ^00- 
acra farm in North Carolina, whore wheat, rye, and oats were 
severely attacked by green bugs, it was found that birds were very 
effecti ve in destroying the pests. The amt break was nt its height 
during the migration season of such birds as the goldfinch and the 
vesper and chipping sparrows, which with other s|ieeies on the 
farm numbered more than 3,000 itidividuals. It was found that 
these birds were destroying green bugs at the rate of nearly a million 
a day, and on days when additional flocks of migrants were present 
this destruction was doubled. During the season such numbers of 
birds flocked to the grain Helds that the aphis infestation was re¬ 
duced by an incalculable number. Destruction of the aphids was tit 
its height during that stage of cool spring weather that permits the 
green bug to breed freely yet holds in check its parasites. It will 
readily be agreed that under such circumstances every economic ento¬ 
mologist would welcome the assistance of nny agency that would 
account for one or two million green bugs daily on a single farm. 

In two further items relating to Homoptera, birds are credited 
with being the most important enemies of the clover leaf hopper 
(Agailm sanguintitenia) t and in one instance with locally extirpat¬ 
ing black olive scales. These complete the instances on hand for the 
order, 3 lading of control, and 14 of suppression. 

TRUE BUGS (HETEttomrnA) 

Contrary to the impression prevailing among many natural hits, 
birds feed rather freely on Hcteroptora* Nevertheless, there are few 
instances of great activity In this direction by Held observers. Prof. 


* Zool, Both Ivan Lh:pC. A^r . Vol. V p No, 3. p, Ttl. July. imt. 
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Franklin Sherman reports 111 English sparrows as no efficient aid hi 
keeping Harlequin cabbage bugs in check in Knbcson County, X. t ** 
and 1 >r. A. W. MomU notes that his studies of natural enemies nf 
the eonchnelia i P$ttfatarn/i Uffaift) H point to the strong probability 
that birds are the useful agents in the redurimn of the numbers of 
the adilite *” 11 

BEETLES ICOLEOFTER A> - 

For the extensive order of Ooleuptera we have records of local 
control or suppression by birds, id beetles of nine families compris¬ 
ing nearly nil of those including seriously destructive species. 
These will be taken up in Order. Tlie Biological Survey lias found 
wire worms or adults of the family Elate! idle in the stomachs of about 
170 species of birds, and the value of birds as enemies of these pests 
has been freely acknowledged by Mr. J. A. Tlyslup, of the Bureau of 
Entomology, specialist on the family* who says in his bulletin 1 * on 
kv Wire worms attacking cereal and forage crops*" “Probably the 
most imporafit factor in keeping wire worms in check are the birds.” 

Passing to the family Buprcsiidu\ we Imre an inston c by Prof. 
E_ A. Cooley, of Montana, of effective depredations by woodpeckers 
upon lame of the Hat-headed apple-tree borer (€hrtfM$oihri* fem&- 
nd the statement by Dr. T. E. Snyder* of the United States 
BumtO of Entomology, that woodpecker enemies of the mangrove 
borei- [ChnjHohothrk tmiujurhurlrn) often obtain a high percentage 
of the larva* infesting introduced Australian pines in Florida, 1 * 

The long-homed wood borers also are attacked by woodpecker 
and the activities of these birds sometimes result in a considerable 
degree of control of the pests* Mr. Walter X. Hess say* of the 
ribbed pine borer { Rh&yhim Hnmium ) : s * Birds, chiefly the wood- 
pecfccra, are probably the most important of the predatory enemies* 
It is not uncommon to find infested im* where these birds have 
removed from one half lo two-think of the larva and adults during 
n single winter.' ^ 1 Mr. Fred tv Brooks has found woodpeckers 
to be highly effective enemies of the round-headed apple-tree borers, 
t>f the spotted species (j S ft perdu rrcttitn) he sap: 

By fnr ilw rnnait rirwtlTe imtttrfil vhwk la ihv immarn of ilita Smr^r m&mx lo 
tie the waadjiw'keTif. Tin- l»nn feed In rations custlj aci^ssfhla lo tliesp bird* 
nml c-mnir lutrrm^ are in In- feand mi nliiiOFl every titfented tree, with the 

.. of I ho bird* anuiuil the wniimls nnmMiflfcntde evidence of the 

■ 'Ft1144* «if flu' Ikpht’im route, ]«udnff the present Sidles every attempt 

10 j'l'ii r lame In unprotected tree* met with n loss of all the linlfiTliiiiatB as 

11 rewuli of woodpecker Attack. * * * Ii ft-cm* pmhntde thut the- spotted 

•■nail, n r rn>pi .^r. Ku. v. <Jnijr. nut* p. at. 

"Balt. Gk v. P. BUR tt&L, WO, p r dT. 

Cl Bull. lift, U, A tirpt, A|f n m&. |P. j;a. 

n jtjtirn. A*i% It^arfli Irt. Nh\ 0, t>li„ tote, p, H*l 

O Mrm. Cornell Aflrr., Bip. He*-. M»Jf. lfriO r p. 37fe. 
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ElJJjdc-tiW Iwjrt r WOUllJ he el tutli-h more wtdul V knowu nluJ destructive pt^l 

were \i not for the etw^um tkfrtetJun of their imtnbcrw Ly woodpeckata" 

Ruin live to Ike striped species be makes still stronger statements. 
" While the control effect uf parasites and predacious foes on this 
borer is negligible," be says, 4i woodpeckers play an important part 
in bolding it in check. * * * In several orchards where counts 

were made from 50 to 75 per cent ol the borers bad been de¬ 
stroyed* 5? l * 

Among Ike Cbrvsonieiirife or leaf beetles, probably the most noto¬ 
rious pest is the potato beetle and it is just the species for which we 
find recorded the most emphatic statements relating to birds as agents 
of control. There is on record one case of control in Wisconsin, and 
seven eases of local extermination occurring in Minnesota, Iowa, 
Illinois, Massachusetts, Pennsylvania, and South Carolina. There is 
one instance of local suppression of asparagus beetles by birds occur¬ 
ring in New York, one of control of the locust-leaf miner in Mary¬ 
land, and four instances of effective depredations upon the elm-leaf 
beetle in Massachusetts. One writer had the temerity to venture 
that birds do not cat this beetle, but the cedar bird feeds freely 
upiiii it, in two recorded cases at least, exercising notable control of 
iiifcstutiujis and in two Others entirely eliminating them. 

Coming to the family Scarubaeidje, we find Unit white grubs 
are the imvst frequent objects of investigation by economic ento¬ 
mologists and we learn also that high rank is invariably given to 
bird enemies of these pests. Dr. John J s Davis, ei specialist on 
white grubs, gives birds first plaice among the natural enemies. 
Of his own observations he says: 

fr'ivW* td timothy ml Imve been literally overt nrunl hj crowd in their 
search fur uraf^, and la wama fields the ^raba were almost cxtertalnated 

by ibeia, Crown luive often Iteen otsorroil following ihv plow la tasted 

llulds, eagerly jik'klf^g up every grub that wan miirnrttihHJ . * 11 

Mr. Norman Criddlo also writer in favor of the same bird and 
says Llmt while plowing he has personally observed that fully DU 
per cent of white grubs exposed were picked up by crows* He is 
so convinced of the value of birds in controlling white grubs that 

lie recommends that farm practice in Manitoba he planned chiefly 

with ei view of best utilizing the services of birds in destroying 
white grubs; a remarkable tribute to the effectiveness of practical 
economic ornithology* He says: 

Birds fttv moot partial tut follower* vt the jdaw dnrlcijj; their ^n^hni; 
Heanoa or white mkrtiMui;; kuH=? and terns from Huy HI ty tune 22, uaU 

“UaJl- 8Sfl p IT. & DrpL A*r, OcE., IWO, pp. h-H, 

M illllL 547, V * s, IH?l?l. Afcr„ AUgUJt. 1«0. t». 2». 

11 Filtbwtv* Pull No, G43, IT. I^CUMUt uf AitrLcultun-, , H>l3 h p, 13, 
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fur a Blicirt time late In July; crow* and blackbirds, including grncklcs, 
frwm tbc time grubs Jtp|4 k ;ir in May Udtil July 1, 

Pf rj rn Uii! ^ pgffni^g we rern'li the epnetusion ihai to attain tin? best possible 
results umh 1 * oottUdouB existing In HtiuIiDba. plowing should be done between 
May Id imd July 1 P nod at ua average deplh of fi indigo* TSie idea b*. of 
course, to lorn up ms many grubs. eggw, or pups aw i w>«hTI>I«% a majority of 
whlcb wilt. In nil probiiunity, lie picked up by birds. u 

The wire worms of the Far We^t usually arc Tenebrinnid larvae, 
and it is presumed these are meant in a report by Mr. A, L, Ruth¬ 
erford, horticultural commissioner of Stanislaus County. Calif., in 
which he credits blackbirds with having eradicated the wlrciYOrms 
in the Turlock and Modesto irrigation districts* 1 * 

AU families of weevils contain injurious species and wc have 
records of effective destruction by birds of members of three of the 
families* Of one of the Otiorhym hids. the mm beetle 
fuEcri) t Mr. John G. Tyler, of Fresno, Calif,, says: 

Uue spring vnat immbm of I^Uc^ fuUi’Ti) invaded tbt 

country til khj i CJovU [California ] h and nfier destroying the tow iluwora tboy 
took in the vineyards, doing uauddamMc dtuumae to the foliage by boring 
numerous IicIe,^ tbrough ibo lyav(!s t causing them eventually to wither up anil 
drop off. Etcry tiny for nearly a week, a great fleet of lirewer blackbirds 
hovered ntnr a curtain vlncyurd that 1 bad ail excellent opportunity to 
ob^rre Crawling over the branches or alighting on the topmost shout, these 
blnek-ptumnged bird* were conaplcaoim objects against the green of the tender 
new t ullage. As u n-isu.lt uf the efforts of these birds, in a short lime the vine¬ 
yard was almost entirety free from ihe bee Lies. 

Uf the Cu mil I on ills, two closely related pests are known to be 
eaten very freely by birds* The Biological Survey lias found the 
clover-leaf weevil (H if pen i punctata) in the stomachs of nearly 50 
species of birds, and Messrs. EL G* Tower and F. A* Fenton* uiitliors 
of a Farmers’ Bulletin ** on Ibis weevil, consider that i4 Thirds are 
valuable and important checks on this insect.” In two summers 7 
investigation in Utah of bird enemies of the nlfalfa weevil by the 
Biological Survey, 45 species of birds were found to attack the 
weevil. The killdeer was one of the moat active of these, making 
alfalfa w p cevils a third of its food during part of the summer; one 
stomach contained no fewer than 883 individuals, 876 of them in the 
larval stage. The record for numbers — 442 in one stomach—was 
held by the Brewer blackbird, an abundant species in Utah, A sur¬ 
prising discovery was that as a species the English sparrow was the 
most effective enemy of this insect; alfalfa weevils formed about a 
third of the food upon which its young were reared, and it was 
estimated that the number fed to growing English sparrows on a 

n Ajjr, lias. Can., V«l. G, No- 7i, May* 1B18. [,p r 44V-4S-4, 

■ New* liCtEttr. i'oinat. UorE. Calli. P Vd. Jt P So. April fi, IPlfi. 

No, I*2 "h HWW lesu. p, 17. 
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typical Utah farm was about 500,000. To this must be added the 
number eaten by the adult sparrows, which made of them about a 
fifth of thdr foot!. Moat of the comm™ birds of northeastern Utah 
were depending upon alfalfa weevils for almost a sixth of their 
eh tire food, and the destruction of these pests by this warfare is 
almost beyond conception. 

The good work of birds in preying upon another weevil pest, the 
cotton boll weevil, must not be overlooked. Sixty-six kinds of birds 
are known to feed upon this formidable cotton destroyer, probably 
the most effective being the orioles* which actually remove the boll 
weevils front the place where damage logins — that is* the squares, or 
flower buds, of the cotton plants — and the swallows, w hich feed upon 
the weevils when in flight and extending their ranges No few er than 
41 boll weevils were found in a single stomach of the Bullock oriole* 
and largo numbers are habitually taken by all species of swallows; 
every one of a series of M eaves swallows bad eaten them, the largest 
number in any stomach being 48, and the average 19. 

All the students of bark beetles (Scolytidm) Imve been impressed 
with the usefulness of woodpeckers us enemies of these pests, and 
there are at band six different statements indicating their control 
value from the pens of Dr. A. IX Hopkins, Mr. J. L, Webb t Dr. 
IL W. Blackman, and Dr. J. M. Swiine. B r e will quote only one of 
these, and that from Dr* Hopkins. He says with regard to the 
spruce-destroying bark beetle which has been responsible for the ItwsH 
of many billions of feet of timber in the Northeastern Staler: 

Tlit* principal enemy at tlu* ^pmc^-d^trojlDg lactic. aud olbr hurk-hi^Ht- 
Iuk M«ntei of the spruce, consists of Lhe woodpecker^ which destroy. It |g 
believed. from 50 to 75 per cent of the brood* of the Norm beetle in many 
hundred* of trees each year. 11 

FLIES (DIFTlfiKA) 

Onlv a single instance of control by birds of a dipterous pest lias 
come to notice 5 and that in one in which artificial use was ntiide of 
tiie birds. Dr, Samuel G. Dixon, late health commissioner of Penn¬ 
sylvania, writes: 

After trying the ability of tlwb to devour larva* and pujof uemuLtaet 
with varied nraess, I built two ikma near together on Lhe same stream. 
m that each would have the twine environment fur the breeding of mo»- 
Uultoc^ Each covered nearly J.400 hi pin re feet. la om? 20 tonllard ducto* 
Amo* jdafjjrkyKrfttf, were iiennltted to fired, while the other waa entirely pro¬ 
tected frutn waterfowl, Lint well stocked with gotiUlali, ('unit* Fa* aurufua 
variety afnrrJeaaa*. 

The one la which ihe duet* fed won for several muaLha entirely fra* froai 
moMciuitooj?, while the pond protected from dacha and stocked with flsth was 
awarmluj; with yonng Insect* In different cycles of Me. 


*■ UuUr ES* n. H. Bsr. Eut_. l«l, |». JH. 
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p JiK Lbu Slli+'sc,m1 jk»ih 1 10 weU-fed nifUliml itLitrlis, Antt* p&ntjtrkyiirha, ivure 
tlivii liOinliLfHl. ami m they the pond tliuy were fi twt imnnTed Li y Lbu 

Imltui'lilaus iheIimiI^. Th$) l f Jnweytr, fcwnni tecogtiUed the promts, 1 o* 
Inn* and pip* of the mti^iuitu au<l |[imirilhLttity itmiml their Jiin»ntlnrj to 
I hew. TmTwm&ty deTonrtnc Lhem In preference to nuy other iWnt staffs present. 
Ac the end *>t !i4 hoiirw no jMipn- were in bo found unit Jo -Is hoar* only n few 
mml\ Inrvu- mtrv Ivvd- The motion of ihe wilier unite h> the rlncks of COOrOe, 
diwned Btxnm of the inset — wtuit pfut^ftlon efln not in- (-Miimih'il. 

Fm some year* I hava hem using chick* to keep down jilmwi dittos hi nwamp* 
ihiiE would hare been very expensive lo drain . hut I never fully oppiftdnuxl 
the hiph diiTTiw- of eflkletvey of ihu duet ns n destroyer of mo*|uUo life until 
the forOfDio£ lent wits nude- 1 * 

LEPIIH3Pli:it_V (BUTTEBFUBS AND MOTHS) 

When we use line vernacular terms butterflies and moths us equiva¬ 
lents of (bn Order name Lcpidoptem wo obscure the fact that it is the 
immature stages, almost exclusively, that are of economic interest. 
Not only are the caterpillars most important from this |HiijU uf 
v lew", but they are also most important in the food of avian predators 
ujxtn this order. They are devoured by nearly all kinds of insectiv¬ 
orous birds and are used in quantity especially for feeding the 
young. They ure favored for this latter purpose even by numerous 
birds that are not highly insectivorous when adult. 

The avian attack upon the immature stages of Lepnlopteia is a 
heavy one end, :i~ we shall see, it has resulted j n numerous observed 
rases of control or local ox termination of various pests. Representa- 
tivea of 15 families of Lepidnptei-u are involved in these statistics 
jiiid they will tw token up in order. 

The larva of a butterfly (dr/ftfrifw vanilla) of the family Nymph - 
ididie were eaten so persistently by road runners in otic vast- m 
California Mud. according to Mr. A. W, Anthony, a fence row 
covered with their food plant was entirely dented of them. In 
another butterfly family arc those well-known pests, the cabbage 
worms. Mr, Otto Lugger, former State entomologist, made an 
interesting observation on their vertebrate enemies in Minnesota. 
He had the ‘position of .VK) chrysalides of cabbage butterflies marked 
on a board feint? and observed them through the winter to note 
their fate; by May 1 (lie number had been reduced from 50(1 to 
Id. a destruction of more than W per cent, chiefly by birds. Dr. .1 
Sihiuck observed! in Southern Illinois one instance of complete 
elimination of worms from a cabbage patch by chipping sparrows, 

itegitilling the mot la with the Sphingidir we have on record one 
ease of local extirpation of the ratal pa sphinx in Alabama by 
rtickiKM, itiiil two of tlie tomato worm in lodintni by erutvs. Q n " ( , 

■Jdiirn. ^ImI .Vxih, Vol. eui, NT<?, 1 p. iai3, Ocfc n, 
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of the latter instances was observed by Mr. Frank X* Wallace, 
•State entomologist. 

In the case of another large moth—namely, Samm cccropia of Che 
family Batu mi idee—the late Prof. I 1 ’. M* Webster recorded the 
destruction of all but two of the cocoons of this species in a grove 
in Illinois by hairy woodpeckers. Dr. John D. Toth ill, who has 
published so much interesting information on natural enemies of 
insects, concludes that in his region (Nova Sirotla) nearly three- 
fourths of the cecropia caterpillars are eaten by orioles, robins, 
and other birds, and about 85 per cent of the pup® are destroyed 
by woodpeckers When M. Leopold Trouveloi was experimenting 
with the so-ended American silkworm (Ttlea potyptumu#) he found 
birds to be the must formidable enemies of the caterpillars, and 
he says* 4i It is probable that ninety-live out of a hundred worms 
become the prey of these leathered insect hunters/'-' In one ease, 
to test the birds, he placed 3/JQO of the Jarvue on a tree near hie door, 
and in a few days the birds hud eaten all of them. 

Excessively hairy larvae are characteristic of the family ArctiidB, 
but at least one of them, the fall web worm {Hyphcwtria 
is freely eaten by birds. Dr. C. Cordon Hewitt informs us that, 
M The study of the natural control of the full web worm was extended 
to Nova Scotia in 191G T and it ia Interesting to record that of the 
different factors operating in the reduction of this insect the red- 
eyed vimi. Ymoaglva olivatt a L., appears to Ik- the most important. 
It was estimated that about 40 per cent of the larva? had been 
destroyed in the webs by this bird at the live observation points/' ^ 

The observations referred to are those of Doctor Tothill, who 
erudite birds with percentages of destruction of the broods* varying 
in different years, from 11.4 per cent to mi. 5 per cent. In ism* 
when the insect was fairly plenii ful, a reduction in nuinbciis whs 
brought about chiefly, by parasites. In gucrcediftg years the para¬ 
sites gradually died out m the insect became rare, and control was 
maintained almost exclusively by birds.- 1 

W hile it may not be well known that hairy mturpillnis are eaten 
mi freely by birds* it is common knowledge that cutworms are favorite 
meat. Cases of trad control of cutworms by birds must he of fre¬ 
quent occurrence. However, only the following eases seem to bo on 
record: Three instances relating to unidentified cutworms—namely, 
control of ground cutworms in Massachusetts by starlings,, and in 
Utah by iiidadowlarks, and of climbing cutworms in t'alifornia by 
crows—and the following relating to Identified forms. Prof. J, R, 

f'Am. Nut. 1. N*. % April* imT, p. S». 

l^nrinLiJii Eai,. 101“+ p. fl. 

■ 1‘rfif, Hun ftw, ScoUfl# ifiifi, p[i IO-H. 
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Parker and associates found wild birds to be the most beneficial 
check upon the | Milo western cutworm (Poromgrath nrtJi&fj&nia) m 
Mont emu. In Texas the boat-tailed gravkle, locally called jackdaw, 
has several times been observed to clean up infestations of the mb- 
l>oge looper (Autographa fomxicae)* The fall army worm has 
been extirpated from a peanut field m Florida by blackbirds, and 
from a millet field in Georgia by English sparrows. There are 
recorded instances of control of the common army worm in Canada 
and New York, and of local extirpation in Pennsylvania and Min¬ 
nesota. Dr, Town end Glover reports that u a southern planter 
once stated to me that the cotton boll worm, which was destroying 
hi^ cotton crop, had entirely disappeared after the visit of an im¬ 
mense Hock of blackbirds, which, after devouring the worms, imme¬ 
diately left the neighborhood. 5J Bi 

The oak caterpillars [D&ftntA) are large and conspicuously col¬ 
ored and have threulening oeE;i otlh p but all these characteristics com¬ 
bined do not prevent attacks by birds, In the District of Coin [Libia, 
Mr. Robert Ridgwsy observed cuckoos feeding so persistently on 
n colony of Dattm® iateff&rrima on black walnut that within a week 
it was absolutely exterminated. The destructive Zimmerman pine 
moth (Pinipesti#) of the same family has serious bird enemies, and 
Mr. Josef Brunner reports that in the Rocky Mountain region the 
hairy woodpecker ^ unquestionably the most efficient natural force 
restraining the species. 

Only a few species of birds have been observed feeding on the 
European corn borer, but among them the woodpeckers seem to do 
considerable good in some cases. Messrs. (r, j. Spencer and ID G* 
Crawford, reporting on their studies m Ontario, state that Mlie 
downy and hairy woodpeckers have frequently been seen digging 
the lx>rcrs out of the stalks and stubbles in the field. Tji one field 
these birds were computed to have taken CO per cent of the borors. ,t2T 

The tussock moth caterpillar is generally supposed to be too liairy 
for birds, but this is another strained assumption. When they are 
common ill Washington, nearly every robin seen carrying food tn 
its young shows a telltale white fluff at the end of its bill* Dr, J. M. 
Sw al ne and Mr. Alan G* Dust an report birds to be important 
enemies of the tussock moth in ruriada, Mr, Dus tan especially 
having made some interesting observations along this line. He 
found that birds and ants are responsible for holding the insect 
at par in forests. When he exposed lorra to birds, the supply dis¬ 
appeared regularly and he credits birds with destroying half of the 

■Ileij. U. S. Copcrjmr, Apr. (1605) ]N^S t p. 42. 
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Jnrviu hutching in forest. He further says that - practically every 
egg mites laid above the snow lint- (and over UU per cent of them are) 
had been either partially or wholly destroyed by birds,”* 1 Cases of 
local extermination of tussock moths are recorded for the English 
sparrows in Massachusetts and the hairy woodpecker in Ohio. 

Even such obnoxiously hairy caterpillars as those of the brown-tail 
and gypsy ninths are eaten by many birds and sometimes to an 
extent effective in control* Dr. L. O* Howard, chief. United States 
Bureau of Entomology, states that “Observations extending over it 
number of years show that birds are important in checking the 
spread of the brown-tail moth/'"* There has been reported to Mr, 
E. H. For bush a case In which starlings had locally extirpated si 
mixed infestation of brown-tail and gypsy larvae, and when Mr. 
Forbtish w ils in charge of the gypsy-moth campaign for the State 
of Massachusetts birds were observed to so hold the gypsy moth 
in check at one locality for several years that work by the Slate 
force was suspended. In connection with this early work Dr. E* P. 
Felt was employed as entomologist, and he found it almost impos¬ 
sible to complete certain experiments with larva? protected by net¬ 
ting bags because so many caterpillars were taken from the nets by 
hhdsu Sixty per cent of the gypsy-moth larvoi used in these experi¬ 
ments were destroyed by birds. 

The insects of most economic importance in the next family to 
be taken up— namely* the Lasiocu nip idle — are the tent caterpillars. 
These are conspicuous species and many observations have been 
made of their bird enemies. For the less common species known as 
the forest tent caterpillar {MGlucw&ma dhstrm) there are at hand 
3 records of control and L of local extermination, and for the 
common tent caterpillar (df. americium) f 6 of control and £) of sup¬ 
pression* Entomologists contributing to these records include Misses 
Marv Treat and Caroline Soule, l J rof. Clarence M* Weed, and Dr, 
John D* TothilL 

Among the Ueomdrid® or loopera, all amooth caterpillars, readily 
eaten by most birds, the I sir vie of the linden-molii (Snft&m&ti xtib- 
xit/nnrim) once a pest to shade trees, w ere so no longer after English 
sparrows had been introduced and became common. Dr* A. It. 
(Jrote and Dr. J* B* Smith cite eases of local extermination in New 
York and New Jersey, and Prof. Cflenn W, Herrick says : 

The testimony regarding iho Hcifvity uf the Eagltab sparrow ip exterminate 
lug UiU pest in vittca seeuis lo show rutLur caudoefively that thb$ mimh- 
tlbilked bird aid uetuuUy brio* about the detraction of ibis insect Nearly 
every writer cm U» snow white butlen-iuotli makes avkuowleUgiiioM to the 

- Ptte. AjcatfULO Ent. Stic. W5E, p, 1W, 
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■{hutotv 4iuil ilet-lam > [3ml the cLtiqs owe their frceUutu trvm EUld insect tn 
that Ljnl, 11 

Cankcrwormg, also of the family Geometridre^ are a treat, for most 
birds, and in special investigations of outbreaks it has been found 
that practically all birds of die infested region were fceding freely 
upon them. This has resulted in noticeable control) recorded in two 
cases, and in local suppression in live, 

t'ankerworms, as well air runny of the other lnrvic heretofore con¬ 
sidered, are well exposed to birds and other enemies, hut caterpillars 
that are concealed by no means escape, for example, larvae of the 
Jeopard moth, which arc very destructive to shade trees, but which 
in various localities have been noted to be held in cheek by native 
birds, "No other explanation,"" says Dr. W* * E. Britton, "cun ba 
given of the scarcity of the leopard moth in the country, adjacent 
to infested towns, except the presence of insectivorous birds, 
* * p Mr. James Walker, of Newark, N, J., states ’ that infested 
elms placed in a nursery outside of the city limits of Newark were 
riil of the larva? by woodpeckers* 1 ' 3 11 

Among the Tortricidie the codling innih is the greatest pest, and 
almost every entomologist who bus written on the subject siibstan- 
lially agrees with Prof. M, Slingcrlohd that * v by far the most 
effective aids tn man in controlling the codling moth are the birds/* 13 
The two facts that have chiefly Jed to this conclusion are the gmit 
scarcity of intact hibernating cocoons and the abundance of empty 
ones which have evidently been rilled by birds. Lung ago Messrs. 
Benjamin D + Walsh ami C. V. Riley, noted entomological collabo¬ 
rators, said: 3 * 

Frum [1 ie> careful liurpcctkm at several loge orchard# In ibi> enrlj h-prlng 
montltot we are convinced that almost till of tliu col'uoih of Lbe apple-worm 
ninth that have been ix^mtructeil In this autumn im ihe trunk* and niuh^ of 
apple trees are put ted of their living tenant* by hungry liirila long I.,-fore the 
hpriug open#. 

In Virginia, according to Mr. J. E. Buck, “counts of over 400 
cocoons observed on apple trees revealed the fact that * * * 

birds had destroyed fully 85 per cent of the worms. rt #t 

From New Hampshire cornea this report by Dr. E.D. Sanderson : u 

Only G to per cast of the Larva? survival tJjis winter. An examination of 
■even c ree^r which averaged over ;ts oocgcnm ]mt tree in the fall, showed bui 
5 (ter iem alive in she spring S7 jwr cent having been killed by birds, 4 per 
cent bjr dlrcn^. and 3 per cent hy eolil. In n hut her orchard l,0Sfl twor-n.'s 

■CortflU DUIV. Eip. fitn. Pult. jk fO!. IIP 10, 
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were examined in May, It>n7, wills IP per cent ritire. Ofl per neat turnup l^ecn 
killed hy birds, il per eenE by dS^ease, and » ner rciu try cflld. lr is quite 
evident tlmt the birds, particularly rim- downy woodpeckers nmi the a ill hutches 
are tb* most tinijorlnnt enemies of Ibe codling luotb In New Enfllaml, lluhI that 
tilery should !*■ given ever* protection mid attracted to the orchard in every 
way |Hs.sslbte r 

One imAhnoe is m \im<l also m which a California orchard ap¬ 
parently wan frued of codling moths by rod-shafted flickers. 

In relation lo at her Totirieidi*?, Prof, W\ 8. Began has stated that 
blackbirds do much guotj by feeding on the fruit-tree leaf-roller in 
Moiitanft ** and Mr. E. I!, Forbush records the local suppression of 
a spruce moth in Maine by warblers. 8 * The spruce biidworm (Tor- 
trix fumiferana}* a prime pest of lirs and spruce, also has very effec¬ 
tive bird enernifcp. In times of great abundance of the insect in New 
Brunswick bird* were qliHUTint ro i; kr fiver 1^ per cent of the broods, 
and under more normal conditions in British Columbia more than 
;|H per ceni-. u "In this case.’ 1 says Doctor Toth ill, "*tlm natural 
checks brought about a reduction of the insect before any trees wen? 
killed, and in the following year the outbreak subsided entirely, due 
to continued activity of the birds against the smaller number of 
larval* 

The remaining families cf Jjcpidoptcra for which wc have records 
of effective control by birds are the Yponomcutidie and the Elachis- 
tidie. One of the former group* the diamond-bark moth [Ptutsllit 
ww-it/t/wtufiji) j> u nihbage [m -l. und Mr. d, L, Harris* of Minnesota, 
testifies that this insect was entirely extirpated from his patch by 
blackbirds. In the Elnchisiidtc* a forest pest again, the larch case- 
bearer (/ f &I$Qphora farirrfln) has effective cnemse* among the birds. 
In fact, Mr. A. 11 Baird say** of his New Brunswick observations, 
a Birds were among the chief factors in controlling this insect.'* 
The percentage of In mu about clearing* taken by birds was esti¬ 
mated at 75 per cent and for the area in general 25 per cent.* 1 * 

EIYHENOFTURA (ANTS, BEES, AND WASPS} 

In this order ants attract attention by their combined destructive¬ 
ness and abundance and thus afford opportunity for observations on 
control by birds similar to those here recorded for the other orders. 
Flickers often arc observed to suppress small colonic* of ants, and 
Mr. <T. D, Mitchell and Dr. W. Dwight Pierce have recorded the 
destruction of an entire swatnn of agricultural ants in Texas by 
jackdaws/ 11 Another instance of bird control of Hymenoptera is 

^Clrr, tWi Ms&T. Ajjt. e tp, sii , ust p i-. 
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given by Mr. £. T. Kimball, of Ellington, CottOn* who states that 
“Tin? oriole bus cleaned my currant bushes of the currant worm 11 
for the past few years,” 


macussioN 

In the foregoing remarks are summarized 100 eases of control 
and 88 of local suppression of insects by birds. Neither of these 
figures is exact on account of the impossibility of reducing to 
numbers such expressions as: “Several times the birds were ob¬ 
served to clear up” certain infestations, or Ai many lleldy were kept 
clean,” and tbc like* However, the exact number of recorded cases 
is a matter of little concern* as it can have no sort of close approach 
to the number that really occur. Consider, for instance, the cases 
of almost complete destruction of termite swarms by English spar¬ 
rows that the writer hits personally observed. These were three in 
number, and the locality of one was a telephone pole in an alley 
near Use Bureau of Chemistry* of another u court of an apartment 
house oh Park Road, where some porch Umbers were the breeding 
place nf termites, and of the third bis own backyard in a suburb, 
where the lowermost riser of a flight of steps was the nursery of the 
white ants. Now, these are* three widely separated spits in and near 
a city of considerable size; and the writer only by chan re happened 
to be at each during the very brief period when it was passible to 
make lhe observation. In a city the size of Washington hundreds 
uf such incidents must occur every season unobserved: in a thousand 
cities in the range of white ants, and m rural districts where the 
termites am subject to attack by numerous kinds of birds, there must 
be multiplied hundreds of cases. This, too, for only a single kind 
of insect; multiply again by the vast number of insects birds attack, 
over any one of which they may at times exercise local control T and 
it is evident that the number of cases occurring in the United States 
annually must run into the millions. 

After this statement the reader may think that the author's en¬ 
thusiasm as an ornithologist has overbalanced his judgment. To 
assure neutrality of opinion, therefore, tot ns leave the doings and 
sayings of ornithologists in abeyance ami appeal to the. entomolo¬ 
gists again. 

In writing about the migratory locust Dr. C. V* Riley, former 
Chief of the United States Bureau of Entomology, said: 

While 3Otic nrnct.li-Eiiij* can be done by man to further tbe mtiUJplIeailnu qf 
llie more minute enemies of the locust, much may tie done to protect and to 
promote the nnnltiplfmilou of the larger nnlmnls, especially the bird* These 
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should be protected by most stringent Infirmly carried nab restraining 
the wanton destruction too often Indulged in by aportsTuen nnd oHicm" 

Dr. A* P. Hopkins* formerly in charge of Forest Insect Invent tga- 
tions, United States Bureau of Entomology, wrote iu connection 
with his studies of insect enemies of the spruce: 

I would recommend ?ln- encoyrngemeut n tmi protection. of nil inwetlvarmirf 
birds, since they are nintoubtodij of very prom service In prp.-jprylnp n balance 
among Use ttuitendliss species of plant nnd animal life, find at limes may 
render pto^-t valuable sendee in reducing Hie numbers e£ dangerous Insect 
enemies.** 

Dr. E. P T Fdt, State Entomologist of New York, also dealing with 
forest insects* after noting the complete destruction by English spar- 
rows of a flight of linden-moths, stater: 

In-'aec(--feeding birds appear to 3** the raotft effective check- 1 * Upon hucIi out- 
breaks ami occurrences m*'h as nots^I above urc additional arguments tor the 
better protection of birds, since under present eoudltlons. at least,, the eost 
i f artificial central Jn ordinary woodland arena would lie prohibit I re/ 1 

Referring to the same insect pest Prof. Glenn \V. Herrick, of 
Cornell University* remarks that 5 * Undoubtedly one of the most 
efficient and feasible menus for the control of this insect In our for¬ 
ests will he the better protection of our native birds.* 

Mr* Arthur Gibson, entomologist of (he Dominion *>( Canada, 
after detailing the usefulness of birds os enemies of the army worm 
concludes: 

The value of protecting nur tut rive IwtlromtM! birds will thils readily be 
«cn F nuii fanners gardener*, eto^ should do nil liter possibly can to protect 

theta “ 

After culling attention to the value of birds as enemies of the 
lent caterpillars. Dr. .1, M. Swnine* chief of the Division of Forest 
Insects, Canadian Department of Agriculture, puts in italics the 
assertion that. u the protection nnd encouragement of our native 
birds would go far towards reducing the numbers of many injurious 
insects of orchards, shade tree*;, anti forests, 1 * * 

Prof* V. H. Lowe, entomologist at the New York State agricul¬ 
tural experiment station, says: 

Every thoughtful farmer knows ihnl among the mosil Important forces he 
has lo contend with, la his efforts to produce abundant crops, are the hordes 
of Inserts * * *. TTu? birds arts among Me most useful allies la combating 

these enemies* 

*U. I*-pL Art. Ball, 5*5 P IfiUi, p. Si, 
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Prof. {'. M. Weed, formerly entomologist at both tli^ Ohio and 
Now Hampshire agricultural experiment stations, notes tlmt: 

Afior nuitkv years of atwiy * * * of I be fdutions of birds to ogrl- 

cnUurOi wo lire eonvhiced ttmi the birds are n muPt intent factor in making 
crisp jiriHSoelioii snj&sUde, I bat ivlllioiit them we hImjliM be overrun with 
pesl»—vertebrate anil invertebrate—to an extent of winch we now bare no 
coneeptfcm.* 

Dr. Towtiend Glover, first entomologist of the United Staler 
Department of Agriculture, in one of hb annual reports says: 

In sbiirt. it tuny be pinlnly stiateU Ibnt without the ecHjperiitloi] of certain 
birds. uatmuR etc,, this country would fife overrun with bused 

And B£ Leopold Tronvelot, distirtguMied French entomologist, 
whom 1 have quoted before in connection with bird enemies of the 
American silkworm, concluded from bjs observations that if the 
birds were killed off nil vegetation would be destroyed by insects. 

Thus it will lie seen that the cnthusiasm of entomologists relative 
to the usefulness of birds has reached the highest possible pitch, in 
some cased agreeing in substance with the celebrated dictum of 
Michelet,, the French historian and essayist* that w Birds can live 
without man, but man can not live without the birds “ 

For a more minmed st ilcmeul ■ pf the utility of bird-;, Ud us i\ note 
Hr. K. A. FmW. both an entomologist and ornithologist: 

“Against the uprising of inordinate numbers of insects, commonly 
harmless but capable of becoming temporarily injurious,” says Doctor 
Forbes, ""The most valuable and reliable protection is undoubtedly 
afforded by those predacious birds and insects which cat a mised 
fond, so that iu the absence or diminution of any one dement of 
their food, their own numbers are nut seriously affected. Resorting, 
then, to other food supplies, they are found ready, on occasion, for 
immediate and overwhelming attack against any ih nalemiLg foe. 
Especially doe* the wonderful locomotive power of birds* enabling 
them to escape scarcity in one region which might otherwise deci¬ 
mate them, by simply passing to another more favorable one, without 
the loss of life, fit them* above all other animals and agencies, to 
arrest disorder at the start.—to head off aspiring and destructive 
rcKu'llzou before it lias had time fairly to make head.* Pl 

Hitherto we have considered chiefly the testimony of American 
observers but now let us luyo attention to Dr + Tl Mnxwell-Lcfroy. 
i he late dominion entomologist of India, since his opinion based 
un an extensive study of the food of birds in India, so closely paral¬ 
lels that of Doctor Forbes Just cited. 

** \Vi«5L C- M_. nh,J hirlwni, K H Ulnl- Sb Tlirlr h^lillrm lu Atari, l!H>n r p. I. 

^ K*p. Ceinimr. Aet., istn flRTIJ n p, Jt| 

“On poais lulermelldiiB i>f Oimhi™!, Hull. III. LntHHTitory «£ Njiturp] UNanj-v 

Vot. i. No, a. Nov., irp. 1112. 
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w One has only to read the of the food of beneficial species of 
birds,” says Br, Lefroy, “ to get an idea of the immense part they 
play in reducing msec I damage. Xearly nil inserts have special 
enemies such is parasites which attack each individually, but which 
produce alternative abundance a nr I scarcity of each insect: that is, 
with the natural action of the special cheeks such as punishes, you 
get alternative * waves’ of insect pest and parasite: this is where 
the birds’ importance is shown; they are not restricted, they cat 
many kinds of insects and when a pest has for the time got ahead 
and is ahundfint, I he birds are there to feed on it just because it is 
abundant. and because at one time, one is abundant, at another time* 
mother ia T and the birds eat them tIL To put it figuratively they 
rut of! the tops of the waves and tend to keep them all at a uniform 
level T none being ever destructively abundant* In my opinion from 
man’s point of view- this is the speciul function in nature of birds 
and if the bird population is small, outbreaks of insects are fre- 
queuL WM 

To other words, entomologists, ornithologists, nl! of \i< in fact may 
agree, without exaggiu'it ling the services of birds in the least, that we 
may look upon (hem u* an ever-present force which automatically 
tends to check outbreaks, large or small* among the organisms avail- 
able Eo tleuu ns food. If is a force that should be kept at maximum 
efficiency by protective measures and which should Ik? taken into 
consideration and used whenever possible. At the same time we 
must not neglect to crcdil with their good services, and to protect, 
and adapt to our ends so far as practicable, other insect-de>lroying 
vertebrates. Among these certain Loads, Hoards, shrews and moles, 
may in tlieir more restricted spheres, at times approach birds in 
individual efficiency* and butti may equal them. Various other 
mammals, reptiles, amphibians, and fishes also have value as insect 
foes which should not be overlooked. Let us prize them all accord¬ 
ing to their deserts* and utilise their services as best we may. 

“Til Hilton, C- w. Thfi Food of Mini* Ira India. Mrin. Dept. Apr. India EnL Htr. 

m m. Jaw. i«»* p. w*. 
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Collared Swirr with Young, Some Lipids are, Hughlv Insectivdjtous 
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PLATE 1 



Common Skunk mounted specimen . The most Effective insect 

DESTROYER AmOhO OUR TERRESTRIAL MAMMALS 
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Plate 3 



1. California Gull, The Gull That Saved the Mormons'Crop 



2, A Flock of California gulls Following a Harrow 
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Plate 4 



MEADOWLARK. A GREAT FOE OF GRASSHOPPERS AND SIMILAR INSECT*. 

HAS Controlled ar Outbreak of the Coulee Gr^kEt 
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Pute G 



Fted-Ey£d virsos. This Species Ha-s destroyed FFtOM 10 to SO Per 
Gent of the Broods of Fall Web worms ih Nova Scotia in Various 
Years 
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Plate ft 



The Crow. A Great Enemy of Whete grubi*. in Some Places De¬ 
stroys ao Per Cent of those turned up by the Plow 
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PLATE 7 



The Fucker. Ahteate r_ pah Excellence, Sometimes Extirpates 
ant Colonies 
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butterflies in general 

N» equally lurge group of insects in which the metamorphosis is 
complete show such a general uniformity of habit ns do the butter¬ 
flies. Both sexes of nil kinds can fly, though in apmo the females 
nre more sluggish and less proficient on the wing than mules; in 
a very few the females arc milch more frequently seen Hying than 
the males. All are day fliers. Most kinds fly only in bright sunlight. 
from the middle of the morning until mid afternoon, the females 
Inking wing in numbers considerably later than the mates. A 
number prefer the half light of wooded regions, and a few fly only 
in the early morning and again at dusk. 

Nearly nil caterpillars of butterflies are leaf eaters, living on 
dicotyledonous plants, and among these apparently preferring cer¬ 
tain families. Some, of a special group, and a few others, feed on 
grasses. A very few, of u queer mothlike type, here into pith anil 
roots. 

THE LYl'AWflDIS 

Only in a single group of butterflies does there occur n wide di¬ 
versity of habits, 'this is the group embracing the hairatreflks, blues, 
and coppers called the Lyctenidan 

The Lycffinidu; nre far more uhimdatit in the tropics of both 
hemispheres than in the temperate zones, hut even in the latter, espe¬ 
cially in Asia and Europe, they form a large proportion of the local 
species. 

As slated bv Trimen, the numerous species, though of small size, 
are, as a rule, remarkable for brilliancy of coloring and exquisite 
variegation of marking. Richness of hue is, however, usually con¬ 
fined to the upper surface of the wings, which in the males often pre¬ 
sents one vivid field of metallic orange-red or glistening bine, while in 
the female it is usually duller, varied with spots, or more suffused 
with grayish or with blackish, and occasionally wholly brown, 
presenting a totally different aspect to that of the male. The under¬ 
side, on the contrary, differs but very little in the two sexes; it is 
commonly of some soft shade of gray or brownish, marbled or 
streaked with transverse darker or paler lines, or with rows of 
white ringed spots, and is not infrequently ornamented with very 
brilliant metallic dots, usually on the hind wings. Mr. Scndder adds 
that the antennie are almost always ringed with white, and a con¬ 
spicuous rim of white scales encircles the eyes. 

THE CATERPILLARS OF THF. LYCSSIDS 

Lvotenid larva* are for the most part nhuped like wood lice or sow- 
bugs, and in many cases look more like a coccid or some vegetable 
excrescence than like a caterpillar. Their legs often arc extremely 
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short. m that they resemble 4iigs iU their gliding movement Some 
of them ore smooth, mnn\ are clothed with a short. down, some have 
fa.seides of short bristles or regularly disposed tubercles, and a few 
are hairy generally* Several are regularly corrugated dorsal I y* and 
others prominently humped in one or two place* Some a re furnished 
with a bard Battened shield on the doifcat region of the last throe 
segments which is used by them to plug up the holes in the fruits on 
the interior of which they live. 

The majority of lyonnid larva- feed on the buds* flowers, and 
young loaves of dicotyledonous plants—trees, bushes, or low-grow¬ 
ing herb-, A number feed on the seed pods of leguminous plants; 
these have very long necks, so that with their mouths they can 
reac h far into the interior of the pods and thus scoop out the con- 
iimts with the greater portion of the body remaining outside. The 
caterpillars of three oriental genera feed on the interior of fruits 
of several different kinds. The caterpillars of a special group 
(Lipteuimo) live cm Hie hark of trees, sometimes on rocks, feeding 
on the lichens and the aJgsa grow ing there; one of this group, how¬ 
ever. ix u grass feeder (tariff nitf)* Lastly the larva' of all the 
species of two groups, so far as known* and a few others feed upon 
other msec! s, 

BUTTEEFLT CANNIBAL.ft 

Although the only truly carnivorous butterflies are found in the 
Lyeu-nidre, the caterpillars of many other types of butterflies are 
on occasion cannibals. This is particularly true of the vegetarian 
Jycamels* Our common little blue {Cyanin* l<tdon) for instance, 
and certain of our hairstreaka are notorious in this respect* But 
the common black swallowtail (Papilio polyxenes)) the blue swoL 
towtuil (Lnertitia pAU&n&r) f the common milkweed butterfly (jinojir 
pU&ippw), and a few others are known also to l>e sometimes can- 
nibftla. 

When a caterpillar is about to transform into the pupal state it 
becomes quite helpless; after the larval skin is shed and until the 
new skin of the pupa hardens it is more helpless still. It is at this 
time, just before and just after the transformation to a cl trysails, 
that a larva is most subject to attack by its companions* 

LYOHNTD CATERPrLIiAIta AND ANTS 

In many lyeienid larvte there is a transverse ovn! opening on the 
dorsal line of the eleventh segment with lips like a little mouth. 
These lips ears* at the will of the larva, be somewhat protruded 
and a drop of sweet liquid expelled. Ants of very many species are 
immensely fond of tins sweet liquid, and in return for il act aw moat 
evident guardians of the krvte. 


442 ANNUAL REPORT SMITH SEXTAN INSTITUTION, 1G25 

III India* Mr, de NiofiviHe has found as many ns four species of 
Lints attending one Species of larva, Not only do the ants attend the 
larvm from their very first stages until they nre fully grown* hut 
they often cause the larvae to change to pupa; within their nests, 
sometimes taking them deep under ground,, in tins manner protect¬ 
ing them from the time they emerge from the egg to the hour they 
assume the perfect form and fly away. One ant even goes so far ns to 
surround each separate caterpillar and the leaf on which it has licen 
feeding with u few strands of its silken web, protecting it jealously 
and attacking n(lost fiercely any living tiling intruding upon it* In 
I he case of the larvae of n Ceylonese species {^IpAmjac* t&Mta) 
which frequent the nests <rf l' remast&go&ter on . I eacui and Gre- 
I'Htea trees, on the foliage of which they feed„ the caterpillars are 
herded in special shelters built by the ants and are driven out at 
night to feed and brought back home to their shelters in the morn¬ 
ing, There are many other interesting types of association between 
lycamid caterpillars and various ants. 

Mr de Nioevilie and others have remarked that unt-tended 
lyercuid caterpillars arc most easily found by looking for the ants. 
The caterpillars are usually colored like the leaves, buds, flowers, 
or seed pods upon which they feed, and are for other reasons not 
easy to detect; but the restless black, brown, nr red ante are very 
comspienoiLH, 

THIS SIGNAL TOWERS OK LYS'EMU LARTJft 

On the twelfth segment-, the next liehind the one bearing the oval 
opening from which I he honey is exuded, an* two oilier organs, one 
on either side in the aubdorsal region, each of which looks like a 
stigma, but is n little larger. From each of these the caterpillar can 
extrude at will a membranous cylinder or tall pillar with a crown of 
tenLude^ about the summit Mr* W. H. Edwards has suggested 
that these curious organs when extruded serve as signals for the 
anliJ, inviting them to come and examine the mouth like opening on 
the eleventh segment It has been supposed, and with good reason* 
that from these processes an odor is given oil attractive to the ants* 
They an? at once withdrawn if an ant approaches. and the ants arc 
never allowed lo touch them. 

the WHIRLING BRUSHES of eURETIB CATERPILLARS 

In the oriental genus i uretk, which in the larval stage dues not 
possess the mouth!ifee organ on the eleventh sognant am) is not at- 
tended and protected by the utils* the^e two organs are of very great 
AM, Fncli organ consists of a tall “pilkr* from which, when the 
larva is touched or frightened, b mriintly protruded a long tentacle 
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furnished at its head with & brush of Jong particolored hairs &a long 
iis itself. These hairs open out into u rosette, and the tentacle is 
whirled uround with immense rapidity, producing a most curious 
effect. 

ANT RF^rSTANT LYCVEX1D CATERPILLARS 

The hark-feeding lyctemd caterpillars arc without the glands giv¬ 
ing out u sweet secretion. They are hairy ami look more like the 
young of moihs than like those of butterflies They frequent ant- 
infested trees* living in the midst of pacing swarms of ants. pro¬ 
tected by them, but avoided by them, and giving nothing in return 
for their protection. 

" ELECTRIC ” LVCjENID CATERPILLARS 

in Nigeria Mr, Charles 0- Furtpih arson found two sorts of lycsemd 
Uirvae feeding on the flowers of the mistletoe { Loranthua) to lie 
iE electric, 11 

He wrote that these larva? are of very characteristic shape, rather 
molluscoid or limaeoid than oniedform, though they are smooth 
except at the margin, which is minutely bristly* doubtless to protect 
the feet. The 41 carapace", besides, comes right down so that the 
feel are not visible. In section the larra are more or less triangular. 
The posterior part is bibbed, ami in one of the species there are 
little lobes anteriorly* They have tubercles, everted very rarely, 
but if they have a gland it is hard to see. They are not ant-a[tended. 
They are relatively large, so that it is possible to lifL them between 
tbe finger and thumb toward the anterior end without the skin of 
the lingers coming in contact with the marginal fold. 

In handling one of these Mr, Fun pi Larson was conscious of a 
curious sensation in his linger and thumb, which he found difficult 
of description. As nearly as possible it reminded him a very faint 
electric shock, not accompanied by a prickly sensation, but rather as 
if one were tickled by a liny hunch of slightly strong bristles. The 
sensation was not that of tickling so much as that of u faint abode 
which was rmt continuous hut rapidly intermit lent. 

The skin of the larva is covered with yellow dote, very minute 
and scarcely visible to the unaided eye, like glandular dots on u leaf. 
Mr. Fa rquh arson say a that, so far us lie can make out there is nothing 
on the larval epidermis that could scratch the hand. On putting 
the larva down there was no after sensation as there would be after 
stinging. 

According to Mr, Furqiiharson Tanwiktira Oman is the species 
with the most markedly u electric 1 * caterpillars, but the larva? of 
Epam^m farquh&MQm are slightly u electric' 1 also. 
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Dr, Hurry Kkrmghmi) liel ieves thill the sensation described by 
Mr. Fnn|iiharsmi as “electric” is due to the capability of produc¬ 
ing wlifii handled extremely rapid muscular contractions or vibra¬ 
tions by which the extremely rough cuticle of the caterpillar is made 
to grate upon the skin. He noted a “ shivering ” at short intervals 
in larva; of Thcdu pruni which in general appearance are not un¬ 
like these hurra from the mistletoe. 

STtNQlNG LYC.IINIU I:ATE liPII.LARS 

Ur. Harry Eltringham found that in the I a me of Ttr-atoneura 
ixabi-Ua there are on segments 5 to 8, inclusive, dor so lute rally 
placed dark patches which consist of mosses of urlicoting spicules, 
a most remarkable feature in a butterfly caterpillar. 

THE DISCOVERY OF CARNIVOROUS BUTTERFLIES 

The first butterfly actually known to be carnivorous was the 
North American Ffaintfcn tarquiniux, originally described |>y Fubri- 
eius in 170:i. Mr. John Abbot, an Englishman who lived for a 
number of years in Georgia, discovered the larva and pupa of this 
species a few years after it was first described ami drew most excel¬ 
lent figures of them which are now in the British Museum. He said 
that the caterpillar is “covered with n white loose down,” which is 
in reality the ftocculent secretion of the aphids on which it feeds; 
but he never suspected that the caterpillar of u butterfly could lie 
carnivorous. In various notes, published and unpublished, lie gave 
a considerable list of supposed food plants. 

Following Abbot's observations previous to 1800, the next item of 
interest was found by Mr. S. II. Snidder in the notebooks of Dr. 
Asa Fitch after the latter's death. In an entry dated January 7. 
1855, he wrote “ I wholly forget the history of these specimens: I 
find the pup® slightly attached to the aides of a pill box, and the 
butterflies batched therefrom, and in the same bos some beech 
leaves and woolly plant lice {Schisoneitm imbricator Fb.). i con¬ 
jecture the worm from which the pup® came must have been find¬ 
ing among these lire, but have no recollection of the fail.” The 
butterflies were Fmheea iargmniu*, and this was the first suspicion 
of the occurrence of a carnivorous habit in a butterfly. 

As related by Mr. Sc:udder the earliest observation of the direct 
association of the caterpillar of this species with the plant Hoe was 
made by Misses Smile and Eliot late in July or early in August, 
1880, when summering at Stowe, Vt. They brought into the house 
a branch of abler white with aphids. “ It was left in « corner for 
u day Or two, and meanwhile small, greenish caterpillars appeared 
about the room, on the walls and bureau. They pupated on the 
walla, the mop board, the pincushion, and the sides of the bureau. 
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The chrysalids were shaped like the ace of clubs.” When they 
emerged the buUeillins wore identified, u The next year we found 
one hiri’ii on im aphis covered alder, but have never Keen one since/’ 

On July 8, 1880, Mr. Tk Pergande found the caterpillars in the 
h-uf mirk of I\mphigu.t fnixhiifoUi mi ash ami found that these died 
without feeding on the leaves Unit were placed with them. In E881 
search was again made for the caterpillars on thy same tree without 
finding any. 

On August 23* 1882, three caterpillars were found on a twig of 
witch-hazel; they were not feeding when seen* and attempts to feed 
them upon leaves with which they were placed in u jar failed; the 
caterpillars died. 

I hi Ch-tober 2, 1882, several caterpiliars were noticed with Xekho- 
neurti They were intermixed with the aphids find not 

readily observed, but seemed tn hide among the mass of plant lice, 
1 hey were brought home with some of the aphids for experiment; 
uml while the caterpillars were actively crawling about fur soma 
days, they all died without its being noticed that they fed upon the 
aphids. 

On September IS, 1884, again a few cater pillars were found among 
the same $cki*&nttunt r They were placed in a jar with the branch 
containing some uf the plant lice. Subsequently they were found 
crawling about, and the aphids had disappeared, some of them huv- 
ing apparently lieen eaten. This gave rise to a conviction that the 
butterfly larva* fed upon the lice, but they all died without the fact 
being proven. 

On August 8 P ISBSj the krvre were again found of all si xgk among 
Pempkif/m imbricrtlor* They were quite active, r raw ling over the 
plant lice, and stopped soon as the twig wtis touched. The egg¬ 
shells were at the same time observed, and the actual feet of feeding 
on the lice was proved by direct observation. On August 12 several 
had changed to pupsr, mid by August 20 four adult Faiheca tar- 
qmnius had emerged. 

On February 20, 188#, Prof, C* V. Riley read a paper before the 
Biological Society of Washington on “A carnivorous butterfly larva,” 
which was published in Science on April SO, 188#, und again in the 
American Naturalist in June of the same year. In this bo men¬ 
tioned the work of Mr. Porgentle ami stated that he had obtained 
abundant evidence that the larva? of Fenieeca actually feed upon the 
aphids of the beech and aider. He also said that Mr* Otto Lugger 
1 1 ad frequently observed the krvie around Baltimore among Pem¬ 
phigus fmbri&stvr on the beech, but never dissociated from the lieu, 
and that Judge Lawrence Johnson also found it in connection with 
the same species around Shreveport, 1^ T in the autumn of 1SS0 and 
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-urmbi'd that it might feed upon but neither of Lhe.se 

observers was able to get positive proof of the fact. 

On October 29, 18*0. Mr. W, H. Edwards published a detailed 
account of lhe lift? history of this species, based mainly upon okserva- 
tions by Mies Emily D* Morton, of New Winds* u\ OmUge t Vimty, 
N. Y. ^ 

Certain corrections in regard to Mr. Edwards's historical remarks 
and Mr. Pergande's notes were published by Prof* Hi ley on Decern 
bur 29, 188G, On this same date Mn .George Hlky> of Brownfield, 
Me,* published his observaturns on this butterfly. He had noticed 
it alighting on u s|)e* ira of aphid, Se/iizojwuM found in 

Crowds OH the baric of aider, ami from the position of its abdo¬ 
men it seemed to be going to lay mi egg among the plant !.«■ ■: Iull 
■l" i ng h i m. did n c>L A f U- r wn rds he sc r li | ict 1 sr * me of t hesc u phids 
otT a twig of alder and found ti couple of larva?. These he sent U* 
Mr, Edwards, who said they were Fen^ai tnrrfvtniiw, aw he hud 
thought. On another occasion he found two full-grown larva? among 
i lie plant lice, one of which changed to u pupa- On ending the 
caterpillars to Mr, Edward*. Mr. Haley said he thought they fed 
on the plant fiee T si^ i here were many dead bodies or skins of the lice 
where he found [henir Later he saw in the American Naturalist 
(hat the larvae probably fed on this species of aphid, and also on 
Pemphigus frutfinlftiln found on the twigs of beech trees. 

Dr. W. pL Holland In April, 1887, having read Mr, Edwards S 
account of the ciindvoroiis habits of Fenkeev t<rrquinim f suggested 
that Uphyra an oriental butterfly, was similarly car¬ 

nivorous. Ha had received from the Rev. L. C. Biggs a parcel of 
insects collected by Mr. F. J. Dumford In Sungei-Ujong. Mr. 
Biggs In his notes called attention to a particular specimen, saying: 
tL It looks as if it were covered with mildew, which Durnford 
assures me is really flu If detached at the time of its capture.' 5 
Among the envelopes containing insects Mr. Holland found several 
with specimens of a large “mealy-bug,* The true explanation of 
the "flnlf ” or mealy deposit upon the abdomen and lower side of 
the wings of the butterfly* which was nn example of Lipkyra 
hwmofi** instantly flashed upon his mind. He hastily looked up 
the envelope containing the scale insect a or 11 mealy-bags," A 
comparison beneath the microscope of the white parfirits dinging 
to the abdomen and lodged upon the wings of the Liphyra with 
ihe mealy covering of the shield-lice preserved in the envelopes 
revealed their identity, and he therefore concluded that the white 
fluff on the butterfly was acquired while ovipositing on scale insects. 

The white u fluff ” on the Liphyra was undoubtedly a part of tho 
fugitive fluffy covering with which on emergence this butterfly is 
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abundantly supplied instead of “mealy-bug 11 secretion: but never- 
tbeltvs Mr, Holland was correct in his suspicion that Ltpfajia is 
iLiiimjTorous. 

The second butterfly actually known from observation to be cur* 
mvomis was the Indian Spul^h epiux* Writing in 1890, Mr* 
Lionel do Xiceville recorded thnt Mr E. Ernest Green sent him 
drawings of the larva and pupa of this specie* frutn Pnndul-nyu, 
Ceylon, and *«id: "I have sever*! time- reared un insect indis¬ 
tinguishable from -V. spin# from ti carnivorous larva that associates 
with and feeds upon ftactylopim adtmidmti (the ‘mealy-bnc’ of 
planters).” 

In January, 189*2, Dr. W. J* Holland published an extract from 
a letter from the Rev. Dr A. C. Good dated January ID. 1891, in 
which (he latter noted that he had found the larva? of ji butterfly 
which had been described ns Sprfvis XMpnotn by Doctor Holland 
in November, 1891 (=i$\ h nwleu 11. H. Drtici?). and that he thought 
tin- caterpillars mast have fed on plant lice. 

In this paper Doctor Holland listed four lycffinids the indcr- 
P*U ars of which are characterized by carnivorous propensities; 
these were: 

FtmttCOO larquinlti*. j Spate** temotca. 

Bpaigi* epfiM. j Liphyra brawn*. 

He raid further: “I strongly suspect (hut the In me of Laah- 
noettema and of Euliphyra, mihi, are like the larv» of Spahjh and 
Fruit eca in their food habit.” 

In September, 1894, Mr. E, H* Aitken published extended notes 
on the young stages of SpaZgit rpint. 

Mr. F, P, Dodd in 1992 published a detailed account of the devel¬ 
opment of the remarkable Lipkyra braatolit which lives in the 
nests of tree ants, feeding on their young. 

In 1903 Mr, F. W. Frohawk remarked that from observations 
he had made In the year preceding lie felt convinced that some 
connection existed between the larva* of the large bine of England 
{Lycirna anon ) and the common yellow ant {Formica font) be¬ 
cause of the preference shown by the butterfly in selecting for the 
deposition of its eggs thyme plants growing on ant nests. He sus¬ 
pected that these larva: might feed in their later stages either on 
the larva? or the pup® of the ants, since after the third moli they 
persistently refuse t« remain on the plants and appear to have ti 
tendency to bide in the ground. In 1905 Mr. Frohawk, in company 
xiitli Mr. A. L. Hayward, found lhe pupa of this species, and in the 
following year these two gentlemen dug the full-grown larva: out 
of ants' nests. 
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Mr, John C* W +p Kershaw In 11MJ5 described in detail the carnivo¬ 
rous habits of the caterpillars of tMnem*#. 

Ti is to Mr. W. A. Lumhnrn that we owe the bulb of our infer- 
million regarding the curious and varied habits of different carnivo¬ 
rous butterflies As a result of studies in Southern Nigeria he 
published in 1913 a most remarkable series of detailed and careful 
observations on no less than six different types. For the first time 
he described the larval habits of £tdij}ht/ra mirifictin Asiaupa 
vhihvja, -L bimbo mi, Met/aJojml pus symntif and Lacknocnsma 
bibuht# (of which the first and lust had been suspected try Dr. Hol¬ 
land of being carnivorous), and he added much to the knowledge of 
the early stages of $palff§& hmoUa* 

In 191& Dr. T. A. Chapman mada the interesting observation that 
the caterpillars of Lycmiut itriot « when in the last stage feed Upon 
the full-grown grubs of ants. In 1918 be published u note showing 
that the larva? of Lr/c^na titeon in their lost singe feed on ant lor vie, 
like those of L* f/» f but by sucking their blood instead of by devour¬ 
ing them. 

In an interesting series of observations un the lycaanda of South¬ 
ern Nigeria published in full in 192L + Mr. Charles O. Furquburson 
added Triekmu tamdaa to the of species known to have carnivo¬ 
rous young, and gave further observations on the young of Loch- 
n&cnwtw bibulm. 

T11ft C: AJRN! V OHO US B ITT M FI A H3 

Of the eight sub fa miliar.” Included in the family Lyctfnidtc two* 
the Cierydinie and Llphyrin®, so far as known, i-omain only car¬ 
nivorous species. There arc several additional carnivorous forms, 
some of which are peculiar in having (lie caterpillars carnivorous 
only in the hist stage, in another subfamily, the Lycauuny^ 

The suhfamdy Gerydinee includes the genera G^rydu*, Fftrat/ery- 
dux, Attgiinm, Afeg£ilopatpus r and Loganm. of which the young 
are known only in Qerydu* and in Afcgalopa/pm; hut suspicious 
actions have been observed oil the part of the adults of Aliolinm 
which rest ruble similar actions of liic adults of the closely related 
M&g&l&palpux* 

The Gerydituc arc distinguished from the other Lycrcnid* most 
conspicuously by their curious legs, which are sometimes very long; 
Lhe tibia? or tarsi are elongated or otherwise peculiar. The included 
species are nil dull little butterflies, wholly, mostly, or largely black 
or dark brown above, with markings of Ldght brown, ochreous, or 
white, rarely violaceous. The mules have, no secondary sexual char¬ 
acters and usually do not differ in color from the females. They 
have a strong irregular moth like flight, dancing about n favored 
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locality or flying back and forth Along u path, ami mu very loth 
to leave any particular spot. Some, like (rcrydua chinensis, seem 
to become more active toward evening, hot others fly only in the 
middle of the day, and only on sunny days. Colonel Bingham writes 
that in India the habits of the members of this subfamily are alike. 
The fern ales, at any rate of 0«rydu» and Al/othiwt. which he bus 
closely observed in life, flutter about among low bushes and the 
undergrowth at the edges of the forest* The males, on the con¬ 
trary. sit erect on the upper side of the leaves at the extremity of 
some branch of a tree at flu great height above the ground, and from 
these points of vantage make short, sharp, circling flights, returning 
to the same or a neighboring leaf and invariably sitting with their 
heads turned toward the open and not toward the tree. 

The subfamily Lipbyrime includes the genera Liphyra, Kuliphyra, 
and Agtavga> containing the largest and stoutest species of Lyaeni- 
die. As in lhe Gerydinre the species arc largely black or dark brown 
above with brown or white markings, and some, at least, fly toward 
evening. The butterflies of this sub family seem to be related to 
those of the Curetinte, though the caterpillars of the latter are all 
plant feeders. 

In the very large and heterogeneous subfamily Lyownimc, which 
includes nil our blues and coppers, the genera Spalgh t, Fcidscrtt, 
and Lachnocne/na contain only carnivorous species, while specie' 
of I.ycanu and of Tricl-cma urc at first plant feeders, becoming car¬ 
nivorous in the later stages. 

The butterflies actuaLly known to have carnivorous caterpillars are 
the following: 

Siihramify GcryUJtuD. Subfamily Lycu.-nJnt*. 


Qcrpam rhhumxU. 


Ijptiamu arirtfK 
LpQwnn aloft*. 
spatyU cpim, 

8palpi* lemnfcn. 
Fciiisvcn tunfutniuw. 
Lrfrhnorncma kf&uJyfl. 
Uimiflt, 


lirpuSttfM ip n t rj/m nu. 


Knbfain11 y Ll^livrInn*. 
Liphpra brawn*. 
EuUphym mlriffct i. 
Atluitffu viningtt- 
.4 sttiupa iGmbwRt, 


CARNIVOBOUS WITEimUIEfc FEEBIXQ ON 1‘llic SECRETIONS OF OTHER 

INSECTS 

Air, 1\ , A, Lu inborn /■ nihil it fuM]^ AfcgtUopalpux zjfjjifia on tb^ 
SUM stem with a membrudd (Leptocmiru# (dtifron*) and four 
attendant ants. 1 ho butterfly was probing with its proboscis under 
and around the iiieinbracid, and he was i|uite sure that the proboscis 
occasionally touched the insect's body. 

On another occasion Mr. Lambom took a mule and a female 
which were probing with their tongues under and around a mem- 
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limcid I Anc/i&n rein turn) near which were Lwo immature and one 
mature ju^sd &mata) T which apparently ware also probed 

by flic butterflies Two specimens one a male, the tex of the other 
not given T were obtained which were sticking food from the fore wing 
of one or other nf two mombraciJs (Leptocentrm edtifron*), which 
were on u green stem side by side and were attended by 11) ants r 
Another male was Laken sucking food off the fore wings of 3 jrussida 
(jVffAe£cft o/iitifa ); !) ants were in attendance. A female was taken 
cm a green stem probing with its tongue and evidently sucking up 
food tout erial front 3 j ass ids [Xekelaomata), which were attended 
by 5 ants. A male was captured probing with its proboscis a larva 
of a membracid (probably G^tr^rra mrkgatu, eaten by its own 
larva) j 17 ants were in attendance. 

Mr. Lamborn saw n worn MsgafopQipux feeding on a fresh leafless 
shoot covered with sticky secretion which ants also were enjoying. 
On the next day he saw the same individual in the same position, so, 
with a view to subsequent identification, he trimmed its right hind 
wing off square, with a pair of scissors. When released it flew into 
a shrub near by, hut on the following morning It land returned and 
was again feeding. He saw it again on the twig the next dny T and 
four days after he first saw it. in the early evening, he look it in 
Ids fingers and put it in the killing bottle, 

Mr, .John C. W + Kershaw' found that the female of Gcrtjdm ehmen- 
in order to oviposit alights in the midst of aphids and ants which 
she thrusts aside with a brushing movement of her tail. Both male 
and female are very found of exuding sap, ami half a dozen may 
occasionally be seen rinse together on u leaf or stem thrusting their 
tongues into any interstices left by the aphids. The ants du not 
appear to meddle either with the butter Hies or with the eggs. It 
*eems in tins case most probable that what the butterflies are search¬ 
ing for is not plant sap but honey drippings from the aphids. Be¬ 
fore the relationship between the two was known, Mr. Emery wrote 
that Ftwwca tarqtriniu* alights upon the woolly plant lire of the 
alder and with the ants enjoys the copious exceedingly sweet liquid 
exuded from their bodies:, 

BUTTERFLIES WITH HABITS SUGOH§TOfO CARNIVOROUS FROPlKSITIEfi 

Gerjfdtts ku#, — Mr, Distant wrote that it has been erroneously 
stated that this species inhabits ants 1 nests, hut that no real facts can 
be adduced in support of the assertion, 

Mr. de NicfiviUe suggested it may be that ante carry the full- 
grown larva* into their nests to perform their transformations as in 
the case of Tantcu* thtipphrastm and other species (for instance 
Catwhrywpx phtmm as reported by Mr, Farquharson); but that 
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the adults inhabit the nests altogether us ha? been stated is almost 
certainly incorrect* 

It seems a reasonable assumption that, if the caterpillars of this 
species have the bubits of the allied G, chineniriit, they may sometimes 
be inadvertently entombed in shelter? built by ants about colonies 
of aphids, in which event the adults would !** found therein im¬ 
prisoned. 

AUotirm l honfddi — Lieul. Col. C. T. Bingham in IDO" published 
u communication from Col. H. J, TV. Barrow, who wrote: “I don't 
know whether you have observed the habits of n small plain butterfly 
which I caught in Muyrnyo. I watched it often in the jungle, some¬ 
times for an hour at a time. It pulled me at first to know why 
it took such [in immense time to settle, It would keep within 1 
yard of a spot and almost settle, 30 times, perhaps, before it actu¬ 
ally did. Its legs ore immensely long, and I discovered why. It 
settles over a mass of aphides and then tickles them with its pro¬ 
boscis, just as ants do with i heir antenna', and seems to feed on their 
exudations * * •. It would settle calmly over largish ants and 
did not mind one or two actually standing up and examining its 
legs to see who was there, The ants did not attack it in any wav.” 

Allodium itiwliis—La ID10 Mr, Hamilton H. C. Deuce published 
a note communicated by Mr. J* C. Moulton on a lycamid in attend- 
UTtvfc on mi homopfcroil* 

Mr, .Mot] I ton showed Colonel Bingham’s figure of AH-otinw horz- 
$rfdi attending an aphid to his two Dyak museum collectors, tolling 
them to look for mi example of this in rcnl life when collecting ili 
(he jungle. He further explained that the species figured is a com¬ 
mon one in Sarawak ami that there was no reason why they should 
not be able to observe this phenomenon if they waited and watched 
(he insect settle. For a month they were unsuccessful, although col¬ 
lecting four or five days a week. At last, on December 31, 1009 , one 
of the collectors, Itigi by name, came back triumphant with two 
examples of AUotinus nival U {a smaller species than .1. horvfietdi 
but nearly allied) together with an homopteron. He told Mr. Moul¬ 
ton that he hail found the two butterflies hanging downward from 
the underside of a thin twig of a " kapa ” tree about 2 inches apart 
and facing toward each other; between than were two bomopterons, 
and each butterfly was engaged in slowly stroking the hoinapteron 
nearest it with its tongue. The antenme were in an upright position 
as shown in Colonel Bingham 7 ® illustration* 

Mr, Moulton remarked that in Colond Bingham's picture the 
aphid is shown as firmly held between the fore legs of the butterfly 
as if the "milking operation were not particularly voluntary on 
the part of the aphid. But Ids Dyak was quite positive that the 
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fore legs were uni used for this purpose nt nil m the 
witness!, end that the honmpteron eras quite free- Ibn***™ 
plenty of ante on the branch, which was -oe l to 5 foot from the 
ground, but they did not seem to disturb the butterflies. 

About January ‘20, 1!UU, tin- same native again brought ii | 
species of AUotmv*, together with an homopteron, u- \U i Mr .■ 
ion that lie had watched them for u long tune and that In- ' 

vinced ihat the Ivnenid in no way held >he homopteron, On * Eb ’ 
ruarv 2. 1»10, lie brought in another AUothim (of “ Ilp " 1 

nivdit) which ho had found in similar attendance on the same 
des of homopteron (also brought in). As before, he told lum to 
he watched them for some time to see if there was any restrain 
imposed on the homopteron, but lie was quite sure that d was free. 

About February Id, 1910, Mr. Moulton’s Dvuk lltgi brought bun 
)in fTample of Altctinus horspldi which lie bad taken ,n attendnmv 
Of. a 1 beteropteroua larva,” In tlm case of (his last ohservalum he 
collector reported having noticed large numbers of tins newt an ti* 
t r( * d, company with manv ante, which latter appeared to be botlicr- 
,ne the lynewd, although he stuck in his work m spite of the- ants 
nutil the collector?* net removed him. In the previous observations 
except for the bomoptcrons attended by the butterflies, none nr but 

few were seen on tin* same tree. M „ f ( . 

Gerydinm, sp. indet.—In a letter to Prof. E. 1 . loulttm. Ml. J. < ■ 

Moulton wrote: 

I watrlieU hodM few moTUlu* a pa n group of autm H Itfcwnid bdntifitag to tins 
,uMiimUr OeryiUnp. aurt Homoptera <ldCnt*Aod by Distant as the Mtete® 
Ebhxt Walker, prevlousl? only known from die unique Huma ' 

tviieb The Mcmbrnelils were finite passive white aula vt^.roudj- mrasAped 
lh W > ami imWhwl the wnOlw H«lU. Tim 'Jew**! wated within « foot of an 
am slttwlT atroklnic an Hmnoptcrea with bis tirolmiw'Js and t tuippoae at dm 
Fam^ tImp drawing up liquid. 

According to Professor Poulton the observation was made in the 

neighborhood of Kuching in 1&13, . _ ,, 

Tliesft observations by Colonel Barrow, the Dyad: Kigi, aim Mr. 
j, C. Moulton must be considered in connection with Mr. I .[unborn s 
notes on Msgalopalptus. the African representative of the oriental 
AUotin** t and Mr. Kershaw's on Gwybu chiiumsk. Fenueca Ur- 
qvinivj also seems to lie quite immune from attack by ante. 

A NOXCAfiNlVOSOUS BOTTERTI.T FEEPING WtTH IMPUNITY AMONO ANTS 
OK COCCtU SEt’HirriONS 


Mr. Charles 0. Earqitbanfon gives an excellent account of a but¬ 
terfly of the genus Teratoneura feeding on the secretions of ant- 
attended cocctds and driving off the ante. 
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Hr noticed the insect alight on a twig. It remained for u few 
seconds and then Hew off. circling rapidly round the stump, soon 
(o again. It lit on n branch with nuts urn I coreiris on it. just 

at the tip, the encoids 1 icing about an inch from the end. It pro¬ 
ceeded to walk backwards rather slowly and deliberately, the abdo¬ 
men inclined upward at a fairly steep angle to the thorax, and the 
wings opening and dosing fairly rapidly—though not by any mean, 
nervously or excitedly—and gently bating the twig' The ants 
retreated hack wards, making hardly any resistance at nil. though 
some dodged to the under side of the i wig and ran forwards. 

The butterfly having gone back about .1 inches, then suddenly 
dropped the ubometl so that it rested on the twig and ran rapidly 
forward, the tip of the abdomen brushing the twig us it did so. The 
backward maneuver was related, this time on the underside of the 
twig, the wings then hanging downwards, the abdomen flexed as 
before. The butterfly suddenly stopped over the coecids, unrolled 
n very slender proboscis, and proceeded to absorb the secretion so 
very much prized by Uie links, 

Occasionally an ant would venture along, but retreated without 
attacking. In a short time the butterfly flew away, circled around 
for a bit. and came back to another twig, where the same perform- 
imee ivas rcipeuteii 

Professor PouJton remarked that the movements described and the 
position of the abdomen of the butterfly suggest strongly thnt the 

hutteifly produces and fans toward the ants some odnr disliked hv 
them. J 

f) B«YIU T S CHINFSSlS 

Mr. Juhn < \V. Kershaw has published an interesting an-mmt of 

(he habits of Onrytfn* rhinentb which he found to he fnirlv common 
throughout the year in certain localities near Macao and Hong 
Kong, Like Ffniseftt. tfmjvinht* it is local in its occurrence, keeping 
more or less strictly to shady and usually damp places. To a certain 
extent ii is crepuscular, though it is also on the wing during the day. 

When ovipositing the female butterfly, after almost tnterminable 
dancing up and down and wandering hither and thither, finally 
alights, after two or three attempts, in the midst of the aphids anil 
ants, which she thrusts aside with a brushing movement of her abdo¬ 
men, and immediately lays a single egg. She then generally moves 
slighl ly and remains for some time sucking up the exuding juices of 
the plant. 

The eggs are laid toward evening and until night fairly sots in, 
on stems nnd leaves of herbs and trees infested with aphids or 
Ttfwi—a« - ay 
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Hemipfcera, They are laid lit interval-.- all through the year, hut 
those menLionei; 1 by Mr. Kershaw wore taken in July and August# 

The plants the butterflies seem especially to affect are various 
species of bamboo, the lichee (Stiltin{fl& aebif*:m) f and ei species of 
burr marigold (Riden# pilot a ) , which last is very common in the 
region. 

The aphids swarm so thickly that the plant stem or leaf is invisi¬ 
ble and. barring heavy rain* they are, as a whole, stationary for days 
together, though slowly changing their position individually and 
going through van mis transformations, fresh lut^ continually re¬ 
placing the old. 

As in the case of F* nwem the eggs of the butterfly are 

often hidden under ll mass of aphids. 

The egg is circular and flat, pale green in color, ringed circum¬ 
ferentially, the edges of the rings milled like a coin, tl hatches in 
four days, the issuing larva being nearly cylindrical at first, not 
assuming its sluglike shape until a Inter stage. Its color is light 
yellow with a distinct purplish dorsal line and a few light-colored 
hairs chiefly at the head and tail. The head is dark. Later on the 
cuter pillar becomes li mad form or fduglikc, yellow or greenish-yel¬ 
low, and banded longitudinally wit Is purple brown. The segments 
are well defined^ the first swollen and produced so that the head 
can be withdrawn entirely into It. ns it usually is when the larva 
is resting. 

The tar vie feed upon the aphids, sometimes pressing them against 
the plant with the head and forelegs, sometimes holding them in 
the fore legs quite away from the plant. A few bites dispels of 
an aphid, and the caterpillar then licks and deans its legs just m a 
mantis does. Some aphids must have a belter flavor than others, as 
the Jarvai pick and choose, moving their heads up and down over the 
backs of the insects, evidently smelling them. As a rule the 
creatures seem to make little attempt to escape till they are actually 
bitten, when struggling is useless. 

When not engaged in feeding the larvie rest among the aphids or 
crawl leisurely about between or over them, and the aphids dq like¬ 
wise, the larva* being sometimes covered with them. 

When nearly full grown the larva* lose most of their sparse hairs 
and their colors fade, the bunds and four blotches on the seventh 
and eighth segments becoming less distinct. 

The Larval stage lasts about 15 days, anti Mr. Kershaw reckoned 
that* on the average from first to lost, the larvrcr would eat some 20 
aphids per day. But it would require many larv® to make much 
impression oft the crowds of aphids seen, perhaps n yard of bamlion 
2 or fi inches in diameter being absolutely covered with them* 
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Mr, Kershaw only found the hmt feeding on two kinds of aphids, 
though he says they doubtless out other kinds. One was slate- 
colored with u white efflorescence (us is the Sth&ottetira of the alder, 
the frtvorit€ fotHl Femtosm tfirquhiiiiB). the other greenish with 
four dark-green patches, some of them being fringed with white* 
probably molted skins. 

He was not sure, but had sonic reason for believing, that the larva; 
ten,I to resemble in color the aphids upon which they happen to be 
feeding. At first, as the eggs had been bid amongst the green 
aphids, he fed the larva? upon those; hut, a typhoon having washed 
away the food supply, he could thereafter find only the shite-colored 
species which, however, the larva? seemed quite as much to enjoy 
»nt he noticed soon after that (lie colors faded, and the purpie- 
broivn tended to mingle with ihe yellow. 

Mr. Kershaw says that one of the features of this curious life his¬ 
tory is the calm way in which the caterpillar moves among the 
aphids and selects its prey, and the indifference with which the fat¬ 
ter apparently accepts its fate, 

IV hen about to pupate the caterpillars walk shout at quite a fair 
rate of speed and, having chosen a spot, spin a few threads i. little 
distance from head and tail. Mr. Kershaw’s larva pupated on sl 
piece of bark, one putting u band about its middle and pupating 
horizontally, the other pupating vertically and without a baud" 
aid'tail *tLn?rtds (not attached to the pupa) at head 


he tail of the pU p a b cut off squarely, forming u disk, thus 
securing a good hold, probably sufficient without the band around 
ic middle. It seems to lw affixed with some secretion, not actual 
threads, there is a small process on either side of the third segment 
from the tail. * 

The pupal stage lasts about 10 days. As the larval stage lasts 
about 15 days and the eggs require 4 days to hatch the time occu¬ 
pied m the various transitions from the freshly laid egg to the 
emergence of the butterfly is about 29 days, or about a week longer 
iFmii in the case ol Fe^isem tnrquiniu*. 

Itoth larva' and pupa struck Mr. Kershaw os small in compari¬ 
son with the sine of the butterfly. 

Both the males and females of this butterfly, according to Mr. 
Kershaw, arc very fond of the exuding juice *of the plants upon 
winch the Ianai live. Half a dozen may occasionally In* seen close 
together Ml a leaf or stem drinking this ^p, thrusting their tongues 
into any interstices left by the aphids. 

It seems to me that what the butterflies are drinking is probably 
not the plant juice, bul the exudations from the aphids which have 
fallen on the plants. 
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Mr. Kershaw noted that lhi? plants upon which this species lays 
its eggs am overrun by a host of ants of two spec its (I\rftfrrA4it'ht* 
diw f and BoHch&derut Mt\ibrFCiiI<&U$) % l>otli aphids and ante appar¬ 
ently feeding on juice exuding from the plants Any vegetation 
subject to these secretions seems to Ijo attractive to them, the ants 
not appearing to use the aphids as ant cows* though of this lie was 
not quite certain. 

The ants do not appear to meddle either with the butterflies or with 
their eggs, though ants are very destructive to the eggs of most 
butterflies; nor do they seem to interfere with the caterpillars. 

In contrast to the immunity of this butterfly from the attacks of 
ants. Mr Kershaw saw two small butterflies of other kinds (it skip- 
l>er and a species of iYejtlijt) seized by the tongue ns they probed si 
flower and dragged ofT by one of the same species of ants umong 
which the Oerydu# liven 

In 1014 Mr. Edward Step published a full page illustration of 
W A Butterfly Enemy of Green-fly * T which was based tjjxm the plate 
and the data in Mr. Kershaw's article* though the larvae are shown 
upon bamboo instead of on Bidetis 

McoA IfpOPALPUe ZTMNA 

Mr, W. A. Lamborn worked out the life history of this species in 
the vicinity of Oni Camp* Southern Nigeria. Oni Camp is 70 miles 
east of Lagos, nt n low elevation, never more than HO feet above 
sea level. 

The caterpillars of this butterfly feed not upon aphids, but upon a 
variety of Homoptera belonging to the families J&ssi dm and Mem- 
bmcidiu which on? invariably attended by ants. 

The mother butterfly, in depositing her egg, which is a very charac¬ 
teristic nne* exercises the same rare in insuring an immediate food 
supply for the newly hatched larva as do other butterflies for their 
plant-eating offspring- She places it vary commonly in the imme¬ 
diate neighborhood of an ant shelter containing Homoptem. and 
an egg shell is sometimes found attached to a stem actually within 
a shelter* having obviously been deposited before the Homoptem 
attracted the attention of ante* and. indeed, probably on the egg 
mass itself before hatching, since ilie membntcid nxuj ' j&add colo¬ 
nies eeem to remain and feed cl owe to the spot where the parent 
bid her eggK, 

The egg masses of the jassids {XtAnta Qmaia) are attached to 
plants in clusters much like those of the membracids (Leptoe&ntriiH 
oI-tifmH*}; that is, in parallel rows often superposed so as to form 
oval masses. The lynenid Inrvic do not interfere with these, 
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The eggs of Mefjahpalpus have l>een found attached to the egg 10*39 
of the Homoptera (the membra aid Leptocentrug alt if ran*) "and j n 
two rases actually on Jiving and half-grown memhradd nymphs, 
Afr. Lu inborn found two nymphs in the same colony of the membrucid 
6wpara vfirit'tf&Ui unsheltered by ants each bearing an. egg of d/i j - 
tjalopetpw , in one ruse on the right side of the dorsal surface uf the 
abdomen just behind the wing, and in (he other on the base of the 
left wing. 

The egg of the Mr'falaptttpn* is very characteristic, being a cm»u- 
Jar disk with a broad* flattened white margin and a raised bluish 
semi transparent renter. 

Hie first liinn found by Air. Jjtmboiii, brown in color and studded 
all over with tubercles, was discovered on a young leaf of an urti- 
cuceous plant {Mmaftrja xmiihii). A number of small black ants 
{1‘hiidote auriviliJ! r, ka*(ii<iri#ix) were running about over the leaf 
on the under side and margins of which they bad built up shelters 
of waste vegetable matter such as they construct so frequently over 
cove.ids. fin cutting off the leaf with a view to making a closer 
examination, fie shook it, with the result that several of the tiny 
insects left the shelters and jumped to a distance in all directions. 
He did not at the time attach any definite significance to the pres- 
ence of this* insects; hut the larva would not feed in captivity. 

Two days Inter he came across another cluster of ant-tended 
jLtssids of the same species on the stem of a different plant, and 
at 1^1 close to them was a similar larva over which the ants were 
running. He (lien felt that the association must be more than 
accidental, so lie rut the stem through and transferred it to a glass 
tube. Most of the jasstds managed to evade capture by jumping 
oil. but he secured three which soon gathered together again on the 
stem. By evening the ants were ministering to them with their 
antenna.*; us he watched, the larva crawled slowly in the direction 
uf the insect*, stopping frequently and vibrating'si I three pairs of 
true fegs. It stopped when it hail nearly reached the jassids, and 
then again moved oh with, he believes, only the first pair of legs 
in vibration, It then reached the insects and caused its vibrating 
legs to play on the closed wings of a jassid in such a way as to 
simulate, as he thought, the caresses of ants. Still advancing, it 
grad uni ly raised the fore part of its ljody so as to overhang" the 
insect and, when well above, suddenly dropjied and seized its prey 
with all its true legs, immediately biting in behind the bead, hold¬ 
ing the insect pressed down on the stem; and when it had taken sev¬ 
eral mouthfuls, it raised the fore part of its body and continued 
feeding, now holding the jnssid well away from' the stem. The 
victim was by this time incapable of movement, and as the larva 
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hflf! no difficulty In retaining it by meins of its second find third 
puli'!! df legs, the first pair was used to take up loose fragments 
and guide them to the mouth. He suw r a loose leg thus taken tip and 
eaten, and in this way every particle of ihe unfortunate little " hop¬ 
per *’ was secured. 

After I lie meal (he legs of the first pair were drawn one after the 
other between the mandibles and then polished mi the outer side 
of the face, after the manner of a eat. 

He continued to watch the larva closely, It remained without 
movement for about iO minutes and then approached another jassid- 
This one was evidently not satisfied as to the honesty of its purpose, 
for immediately the larva commenced to tickle it the jassid ran 
awav up the stem to a distance of about half an inch. However, 
the larva followed on and overtook it, and in due course it shared 
the fate of its predecessor, the scries of actions by the larva being 
precisely the ..as described in the former case. * 

On the following day lie brought in more of the food insects, 
and the larva first found made up for its lung fast by catching 0 
out of 11 [jctwcen S u, m. and 3 p. m. 

The procedure was so interesting to him that he actually wit- 
ijessed (he caressing, capture, and eating nf most of these, and he 
has seen it many times since. The caterpillars eat both nymphs 
and images of the jassid??, but seem to secure more of the former, 
for, though they arc able to jump and run with surprising activity, 
quite as fast as an ordinary nut, the hnugns sometime. 1 ! escape by 
flying. When images are eaten the hard anterior wings are usually 
rejected. 

Mr. La i n burn remarks that in nature the slow-moving Ivcsmd 
lame must depend for their very existence on the fact that these 
insects are gregarious and if disturbed frequently reassemble at the 
same spot. 

If the caterpillar is on a broad surface it raises itself anteriorly 
when grasping a victim, hut when on u narrow surface it drags 
the insect off its support by simply bending to one side or the other. 

The first two liirra found by Mr, Lam burn were feeding on the 
jassid .Yt.iAela orttaia, an active jumping insert which they lull 
Lo a false sense of security by simulating the attentions of ants. 
The third larva found would not cal the jassid which was eaten by 
the other two, Tt was found in an ant shelter on Triumfetta cordi- 
folh which covered a large number of little green hopping crea¬ 
tures which proved to be immature mem bra rids. Another larva was 
found in a shelter containing meiubracid lorvie (Garr/ara varie- 
gata). He saw this larva feeding on a large larva of the membracid 
type, though he did not actually witness the attack. The cater¬ 
pillar ate the body and then part of the head but was unable to 
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finish the meal, for ji tiny ant, w1 1 :■ ■ 1 1 Imd been dragging persist¬ 
ently at the remaining morad, managed to get it away. 

U'hen a new shelter containing Pkeidote rotundata var. and 
tn inn hr acid larva; was put into n tube an ant immediately seized the 
Meyalopaipm larva ventrally just behind the mandibles. This 
larva was not successfully reared. 

Other caterpillars of the same species were found in other shel¬ 
ters oil friutn/tf/to, and once two were found in a single shelter. 

The larva is dark brown, a tint approximating very closely to 
the color of the debris out of which the ant shelters are constructed, 
l lte food seems to range within certain limits; lmt though larva 
hn'e been found eating both jassids and membra c ids, a larva accus¬ 
tomed to take Jiisiiis will refuse membrarids and vit:e ven irr T ami 
there is some evidence that u larva which habitually eats one form 
"f membraeid will refuse a closely allied species 
Otic larva found ate a species of membraeid closely allied to Gar- 
tjara varUgata, although it refused that species. Another was 
found to feed upon Lcptocmtnu altifrona. 

An ant shelter on Triumfetta often contains, in addition to imma¬ 
ture examples of Gargara, young membredds of several other spe¬ 
cies. apparently belonging to the genera Anch&n and Beninia. 
Imagines of the genera Ancfion, Beninu?, ur Gargam are frequently 
found in the open on a stein close to an ant shelter and tended bv 
ants from it. These shelters arc constructed by two species of ants, 
Not only docs Megtilopaljnts feed in the larval stato on the Homop- 
tcra, but the butterfly seems frequently to flourish also at their ex¬ 
pense, probing them with its proboscis am I obtaining food material 
direct from their surface as well as from the plant on which they 
happen to be resting. As this habit is as characteristic of mules 
as of females it can not l>e interpreted as bearing any relation to 
oviposit ton. 

Mr. Lamboin has not found that the ants derive any beneiit from 
the presence of this larva, or that they are of service to it. There 
is, on the contrary, some evidence to show that their attitude toward 
it is distinctly one of hostility-, in connection with which it is note¬ 
worthy that the larva is not of the smooth, soft, oniscifomi type 
characteristic of the Ly eremite. but is protected by a hard skin 
studded with tubercles which are surmounted by coarse sparse hairs. 

The ants in attendance on the jassids frequently run over these 
caterpillars and stroke (hem with their antenna), but are not so at* 
tentive as they are to other lycrenid larva;. Mr. La inborn w*s under 
the impression that the attitude of the small black house ants to¬ 
ward this caterpillar was distinctly hostile. Besides the one men¬ 
tioned above another caterpillar was attacked by house ants, one 
of which fastened on to one of its logs so that it had to be removed. 
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Mr, Imnibnrn Govern! times watched Mtsgalopalpwt zt/mrut deposit 
a single egg among tints, which have subsequently investigated it 
with their antenna-, but have not interfered with it, 
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lifr, I'. 1\ Dodd, of Townsville, Queensland, published in June, 
iSUi!, un interesting account of this remarkable butterfly, 

Hs had noticed a female on a wane sunny day in duly, 10iX>, dc* 
[Waiting eggs upon a tree which was in complete possession of the 
urcrn tree ant {(fccophylta tfmaitigdina)* t pon this tree there were 
several large nests of the ants, and the butterfly would rapidly fly 
over tiie top of the tree once or twice, then come underneath and 
settle on one of the brunches near the trunk. There were four spots 
to which it returned at different times after its (lights, and on ex¬ 
amination lie found that there were two or three eggs deposited on 
cadi. Judging from the number of flights he believed that only 
one egg was laid at each rust. He has siiice frequently seen (he 
eggs on other trees in ones. twos, or more: but deposits of two. in 
several different places, is the number usually to be met with. The 
egg?- are placed on the under side of branches, or on the protect ml 
side of the trunk. 


lh- took several of the eggs, and in 22 days the larvte. flat oval 
creatures, appeared, but refused to eat, and died. He had taken 
Them on the chance i.T their being leaf eaters, and with the ants 
merely for protection, as he bad found in the cil-* with several 
other Australian lycamids -^ArAopdm and Hypohjoama pkprbat. 

.Soon- weeks Inter be pulled the habitations of the ants to pieces, 
but OQitld find no traces of larvae from the ova left untouched and 
™ unsuccessful with many other nests examined. 

During tlu; next few months he examined scores of nests in the 
r >f finding the caterpillars of this butterfly, but without sue- 
However, he eventually stumbled across a caterpillar when 
searching an ants’ nest for other insects. 


1'hiH individual was half grown, the size and shape bein<* about 
(hill of J 1 medium sized lozenge, with a rim. as in a coin, bordering 
if all around, hut raised somewhat along the dorsal surface The 
color was a very pule yellowish brown with seven dark spots on 
em-h side near the margin. Across the center of the doreal surface 
Nine were three furrows reaching nearly to tin- sides, These fur- 
;-ws are constant through all the molts (he notes it must lie borne 
m mmrj that be has not examined lumv le& than about one-third 
grown those obtained from the eggs having been lost before be had 
WLceU them particularly!, nor do they disappear even when the 
larval skin becomes the outer pupal shell. The heed, legs, and pro- 
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legs are in a groove the edges of which dose down tightly all 
;tround; consequently they are seldom seen, cict|)t, of course, during 
progression, when the body is raised u little. 

After this discovery he met with other larva*, generally larger 
and of a darker brown, and finaliy obtained pupaj and bred out a 
.series of the perfect insect. 

Taking several lame and supplying them with ant grubs, he soon 
had the satisfaction of observing one individual approach a half- 
grown grub. deliberately seize it. and withdraw it from wight; but, 
being impatient, he turned it over soon after, and it slowly released 
iLs hold of the grub. I nfortunately he failed to observe anything 
of the kind again. 

Finding that the caterpillars did not thrive upon ant larva alone, 
they were supplied with small mwjs ruivliiining arils and pupae as 
well, but in u week or so they showed signs of sickness. By chang¬ 
ing the ant nests he kept several other ettterpi liars for nearly two 
weeks, I hey itisn became sickly mul hud In be returned to nests on 
ilie trees. However, they deposited fruss, showing that they had 
Ijeeti feeding; this is smut I for such bulky creatures, is gray or 
grayish white, and is greasy looking. So, though he could not posi¬ 
tively declare that they exist upon the ant larvae, he was quite sntis- 
JWI himself that they do. 

As live or even six caterpillars may lx- found in one nest, the 
quantity of food required by such large creatures must be consider¬ 
able. though they are very slow growing; but the masses of ant 
larva* could Ih; drown upon without muking unv great reduction 
in them. 

He mentioned that he had at hand young caterpillars of a moth 
that feeds upon another species of tint living in the ground. When 
given the fresh grubs they soon take a lively interest in them and 
iiflix themselves ihereto, appearing to suck their victims. None of 
the grubs are eaten, but they are considerably smaller and much 
shriveled when fini-shed with, Jhe moth is even more greasy than 
rlu- butterfly. Xorn* of the grubs given to U branofis were'eaten, 
but some had the same shriveled appearance as those given to the 
moth lurra. 

When the caterpillars are about lo cast their skins they spin a 
webbed footing nearly their whole length, to which they affix them¬ 
selves rather firmly : but in many instances the ants secure them still 
more firmly to their position, the web reaching half way to, or even 
up to the rim. Whether this am web is added with friendly intent 
or with a view to fastening down a larva to get rid of it if possible 
is a puzzling matter: but Mr. Dodd has not met with unv dead Ian® 
so fastened. Pupa' are occasionally treated in a simitar manner 
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without flic tmpe of ihe buttofliiy boin^ thereby prevented* The 
larger larva; require three to four Jays sifter Inking up their molt¬ 
ing position to crawl out of their old skins, which become n HtUe 
darker and finally split down wants under the front edge and right 
:iud left along the rim. The old skin retains its shape tiliove and, 
!jemg relieved of its ocrupant, regains its former color* so that, 
i lowed casually, it is difficult to believe that it is an empty shell, so 
closely does it resemble a real larva. 

In changing to the pupa the larval skin is no I cost off, but changes 
tis shape and becomes a comparatively strong outer covering, 
t fie insect shrinks away from this and becomes detached, so that 
it can be shaken like a nut in its shell. The true pupal skin is very 
thin and transparent and, provided, of course, the outer shell is 
opened, the color changes of the chrysalis can be observed plainly. 
After the larva has taken up its position for the transformation 
there is no change for Sfl hours or so, the first being a narrowing of 
the thoradc portion with an increased thickness of the same* Upon 
examining the future pupa at this time underneath it will I* noticed 
that the shell has dosed in on each side enveloping the head and legs 
completely; no dosing in upon I lie prolegs occurs. For some hours 
no further alteration takes place; then the remaining portion of the 
creature contracts, accompanied by a considerable rise in (he dorsal 
surface, the pupal change, so far ns can be ascertained from external 
observation, now being complete. For several days after the shell 
is I i able to split at the outside edge or rim if care in handling it is 
m.t taken, the w hole of the top being liable to split and come off like 
a lid. and the chrysalis, being particularly delicate and pulpy, mnv 
be killed. * ‘ ’ 

The perfect insect emerges in from 21 to 25 da vs, and further 
astonishing developments in the life history of this strange insect 
occur. Before bursting the outer shell the* butterfly can be heard 
moving within, um| shortly a sharp, cracking sound announces that 
the burst has been effected- Then either n portion of the shell, which 
open* in the center in front up to the first furrow, ia broken right 
out or il opens sufficiently above after breaking away at the rinfto 
eh] iilit of the imago's emer^ojice. 

Instead of I he weak drooping wings of a butterfly the creature 
that emerges has little short appendages like those nf a freshly 
emerged moih* and lying very flat; the front wing is creamy white 
to the extreme tip, and the edge of the hind wing projects from 
under this ever so tittle. The abdomen looks very large, a thick 
mass nf furry looking substance showing on each side of it to the 
tip. On the thorax smalt tufts of loose, brownish scales mav be 
noUnl which easily roll off* 
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It is soon seen that the white appearance of the fore wing is caused 
by a dense covering of fugitive scales: there is also n small patch of 
*hese on either side of the llinrax. As the wings slowly lengthen 
the density of the Seales lessens sufficiently to admit :i view of t lie 
black and rich yellow coloring underneath. 

After the expansion of the wings these white scales fly off at the 
least breath of air. A stroke or two of the insect’s wing detaches 
every one in a cloud; thus it is a difficult matter to kill and set 
specimens and leave a fair proportion of these scales. 

The nutter on the abdomen is, of course, also composed of scales. 
They are dark gray, packed very densely, and cover about half 
[lie ventral surface, reach farther along the sides, blit do not reach 
I lie thorax, none being on the upper surface. These arc much more 
adhesive, and must be scraped away as they can not be blown off; 
they come away in masses and fasten lightly to anything they come 
in contact with: they appear to be held together. Upon examining 
them with a lens exceedingly delicate threads can be discerned dis* 
parsed throughout. 

The legs and unteima! arc also clothed with minute and easily 
detachable white scales. 

The insect requires longer than the largest Australian moths to 
pump its w ings to their full length. Mr. Dodd notes that it takes 
from 25 to 30 minutes, and instead of being prepared for flight in 
a little over an hour, like many large moths, is quite helpless for a 
much longer period, and none of Mr. Dodd’s examples exhibited 
tile least desire to lly in three or even four hours. 

The butterflies are very oily, A thick layer of almost liquid 
grease lines the abdomen, so tlmt in setting them Mr. Dodd found 
it necessary to resort to stuffing. Unfortunately, this operation 
causes displacement ui the extra scales to some extent, especially 
in the males. 

As to the butterfly being crepuscular in its habits, Mr* Dodd 
mentions that he is frequently out in the twilight, hut has not met 
with it, though that may be on account of its rarity. However, it 
is decidedly wide awake in the daytime, Mr. Dodd captured several 
which lie had disturbed us any ordinary butterfly would be dis¬ 
turbed. Several times they have flown from near ant nests which 
he was about to examine. One specimen was seen firing across an 
open space in the early afternoon, and hud evidently come from a 
fair distance as there were no ant nests in the vicinity. Many years 
ago he canglif his first specimen, a female, on a hat summer dav at 
about 11 o’clock. It flew rapidly across a scrub and settled on a 
branch under the foliage precisely ns the egg-depositing female did 
whit’li he obserred in July, Uj<» s 
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Concerning the loose sral^ on this unique butterfly Mr. Dodd 
sny$ w« have no evidence that the Iarv© an- welcome inhabitants of 
the Hiits’ nests. However* it is highly probable that the ants have 
no friendly feeling for the perfect insect, and would most likely 
attack anti kill it during its long rest after emergence if it were not 
specially and wonder fully protected. So it will he seen (hut the 
loose scales act us a perfect protection; for directly the ants en¬ 
counter these they are In trouble ; they fasten on to their feet and 
impede their movements or, if their union mu or mandibles come i liter 
contact with any part uf the butterfly the scales ud hero thereto, m 
thui the ant is soon in o bud way and has quite enough to do in 
at tempting to free itself of its encumbrances without taking any 
further interest in the butterfly, from which it retreats as well m 
possible. It is exceedingly ludicrous to observe the ants endeavor¬ 
ing to free themselves; their legs move awkwardly, ami their mandi¬ 
bles are opened and closed in evident Annoyance and perplexity, mid 
they Lire much concerned at the state of their an ten me. for the 
obnoxious scales will not ho shaken off. It is amusing to observe 
the dejected change in an ant after its first spar with L, bra*atilfa m 
for it b such a pert* pugnacious fellow and perfectly willing to 
tackle anything that moves if in proximity to its pets or nest. 

The small wings of the insect enable it to get through the nest 
entrance* The scales on the forewing are necessary to its safety 
while it is crawling out, for the ants might in some cases evade its 
legs and got onto the thorax. But if the scales there did not van¬ 
quish them, those on the f rowings would. As the butterfly 1 * 
abdomen becomes strong enough it raises the lip to touch the sup¬ 
port where it is hanging. In that position it is invulnerable; hun¬ 
dreds of nil!-- could not hurt it. As the forewmgs lengthen imd 
touch there is no further need of the scales thereon. The wind 
doubtless dislodges the majority before the insert flies off, but the 
other scales would not wholly disappear for some time. 

Mr. Dodd placed four lame on n nest where he knew there were 
none, and afterwards visited it and obtained from it two pup©. 
On another small tree with several ant nests seven larvie were 
placed, and going there some days later he found one chrysalis on 
the outside of a nest, one within, several attenuated larva? wandering 
about the tree—the ants, having become familiar with them, taking 
no notice of them—and a dead larva on the ground, it would ap¬ 
pear that the entrance to the nest^ was too small for the larger 
caterpillars to gain admittance. Once lie saw a larva on the outride 
of a new nest, anti he took a pupa on another. These were in locali¬ 
ties where hr had not interfered with the ants. These instances 
serve to show, according to Mr. Dodd, that the larvce pass from one 
domicile to another, presumably when their food k exhausted in 
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one. They lire very slow moving, and when they find it necessary 
to change quarters they mtisl wander after sundown, for out of 
over HO lamp and pups' that passed through Mr. Dodd’s hands not 
n single example was parasitized. 

The larva of A, bra&sofh ore evidently so Lough skinned that the 
mandibles of the ants can make little or no impression upon them, 
for in placing specimens upon a nest the inmates rush out at them, 
catch hold uf the rim, am] appear to 1m acting most viciously. They 
also endeavor to reach the head or legs, hut these are at once pro- 
tected; the creature just lowers its great sides ami is secure. After 
examining caterpillars that had been on nests for several days, and 
togged at and nipped by dozens of ants, not a mark or wound was 
discernible; yet if the slightest cut he made in the rim with a knife 
juices issue ns from any ordinary caterpillar with an opening in the 
skin. 

Tn concluding ,Mr. Dodd says that it is not all pleasure searching 
for L, brtmoUg, or for other Insects, in the habitations of the green 
tree ant. This species is as plucky and determined as the tierce 
and dreaded “bull dog " and '’juniper ” ants and comes t rouping in 
hundreds from nil [tarts of the tree when a nest Is disturbed. Then 
there is the multitude in the nest itself, also those in other nests, for 
often there arc many nests in even a small tree. Thaw ants are 
remarkably quirk to get upon and spread themselves over an 
intruder. They do not waste their energies in biting one's clothing, 
but directly they reach the flesh they commence operations, and 
ones neck and arms suffer considerably. Thu bite of the insect is 
trifling, but it discharges a liquid onto the bitten spot which gives a 
sharp pain. 

In approaching closely to an ants’ nest, or to a place where they 
are in attendance upon scale instils, aphids, or other forms, they 
show fight unmistakably. While they are prancing and plainly 
showing that they are desirous of a closer acquaintanceship it will 
be noticed that the abdomens arc held up and occasionally jerked 
forward, This jerking action means that the insed has brought his 
little “squirt ’ Into play, a jot of decidedly acrid liquid being dis¬ 
charged therefrom, sent straight over its head, and capable of strik¬ 
ing an object several inches directly in front lie fore it mwiimes 
a downward tendency. Having received several of these jets, or 
part of them, in the eyes, on the lips, and often had the liquid in 
cuts and scratches, Air, Dodd can testify as to its stinging properties. 
When hundreds of ants are sending forth these jets, which can lie 
seen against the sun, it hehooves one to be easeful when In their 
Immediate vicinity. 

Mr. Dodd says that, though there arc iiiitiiv interesting insects 
in Queensland, this green tree am with its vast colonies, its curious 
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habit of iniiig its l*rvie as Implements wherewith to spin Us nests, 
and its queer and varied acquaintances* is the most remarkable of 
all 

Commenting on Mr. Dodd 7 s account of the habits of Liphym 
brw*olh f Mr, E. Ernest Green noted that the fact that the larvae 
tire really carnivorous seems to be proved by their having seized and 
attempted to eat some of ihc ant grubs; but they do not appear to 
have been satisfied with that diet* He therefore asked* is it not 
possible that their proper food may be some coccid induced in the 
ants' nests? Ml Green remarked that in Ceylon the arboreal nests 
of the same ant almost invariably include colonies of Coecidte, 
Aphidtc, or Aleurodkho. 

Dr. T. A + Chapman descriljed in detail three larval of Liphyra 
bras&ofif sent to England by Mr. Dodd. Two of these were appar¬ 
ently full grown* while the other was very much smaller. In these 
two sizes the lame are so very different that had they come from 
d i tlVn, 1 nl |daces and possessed different histories one would never 
suspect that they were at all related. 

The smallest caterpillar was 6 nun. long and 2.S mm* broad and 
very flat* reminding one very much of the larva of Ctimpnnixeux 
hiridivettfri* (a common alder saw-fly) in its general size anti form; 
or, for that matter, of an ordinary Ljf#mna larva, if we make it 
lirst, colorless* then nearly flat instead of raised along the do real line, 
and, thirdly, if we somewhat exaggerate the rounded lateral projec¬ 
tions of the segmental margins. 

The segmental divisions as seen do really are 12, of which the 
first and last are terminaL White and soft as this larva looks, the 
margins, nevertheless* have something of the appearance and struc¬ 
ture of the full-grown larva, having a strong chitiuous binding 
divided into small cells* 

The prothorax has a alight angle on either side, a Hawing the 
front between the two angles to Lie n transverse straight line. The 
head is beneath this, placed quite cent rally, quite free from it, and 
capabk of much movement, including probable protrusion in front. 

The last segment visible dorsal ly is the ninth abdominal, and 
beneath this is the tenth carrying the anal prolegs. In a ventral 
view of the larva the true segmental divisions are very pi aim 

The p 10 thoracic spiracle lies in the fold between the pro- and 
mesot borax* but the abdominal spiracles are each on ubouL die 
middle of its own segment, placet! dorsalJy, about half way from 
the middle line to the margin. Doctor Chapman did not detect 
anywhere any hairs or tubercles. 

The nervous ganglia are very visible as reddish brown masses. 
There is a large one in the prothonix that represents the ceph alk¬ 
ali J op&ophageaL The pro-thoracic proper is placed toward the pos^ 
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terior margin of the segment There is om< each in tile meso thorax 
anti eight following sonicate, The last ami largest of these, though 
in the sixth abdominal segment, appears to belong to the seventh 
and following segments, which are without ganglia. 

Hie prolegs are of much interest when compared with those of 
the full-grown larva, They have a rather thick cylindrical base, 
and have the usual form of one row of crotchets, facing inward, 
18 to 17 in number. On the anal clampers these are much smaller 
and few In number (if), and are similarly in one row. The true 
legs are short and thick, and terminate in very curved claws. 

Hie head is small, about 3.5 mm. in diameter ; il bus in front (ou 
the epicranium, clypeus, and lalinitn i a iiumbcr of short stiff Imirs, 
ills* hugest about tum. in length. None tvelc seen elsewhere. 

The antenna are rather longer than this, but happen to be tele¬ 
scoped. The second segment is not in evidence. As found the 
antenna> are about 0.OG mm. long and 0.1*4 mm. thick, with a ter¬ 
minal armament of bristles, amongst which the third segment is 
not dearly discriminated. 

The head itself is rather dark in color from being well chitinked; 
beneath it are three circles, carrying jointed pal pus-1 ike appendages 
of which the central one is largest and represents probably the 
luhnun, with the other two as labial palpi. The two lateral'ones, 
according to Doctor Chapman, are, however, probably the max¬ 
illary palpi, especially as they appear to have another ill-developed 
process. 

The jaws are long, and cross one another for some distance. Each 
seems to consist of a straight conical process with only one sharp 
terminal point—a simple spike or dagger. 

Doctor Chapman remarked that the large larva is a very differ¬ 
ent object. Looking down on its back there is to be seen an approxi¬ 
mately Hat .surface, oval in form, rather narrower in front than be¬ 
hind, with a margin smooth, regular, uniform, and of the same tex¬ 
ture, etc., all around, with no trace of segmentation. It measured 
- ;J «*'»• in length by 15 mm. in width. When placed on its flat 
dorsal surface It stands up above the flat supporting surface about 

mm,, and shows a level, but not smooth, top, and smooth utid 
sloping sides. The amount of til ope may be seen by a comparison 
of the top and bottom; the top (the ventral surface of the larva) 
is 18 by 7 mm., as against the 38 by lb mm. just mentioned. The 
slope is almost nil at the head end. and therefore so much the more 
elsewhere. 

The dorsal surface and the sides are brown, hard, and chitinous. 
The sloping sides show little indication of segmentation, but at the 
margin of the open (and soft) ventral area they present a series 
of dark marking* very slightly raised on rounded elevations, hut 
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so shaded as to appear veiy much so P The small flat ventral area 
of the larva is pala and white* and is the only portion where any 
movement am possibly occur t the rest being: a solid eh it i nous cap. 
Constructed ms it is to permit this soft area to in.' absolutely cov¬ 
ered and hidden on the surface on which the larva rests* one is sur¬ 
prised at its widening; out above this area, quite regularly until, 
at a sudden sharp margin, the sides meet the Hat top. The brown 
marginal marks are apparently two to a segment, certainly so at 
the aides where they are largest, and where a faint depression along 
llie sloping sides seems to mark each segmental division. To see 
this* however, requires close examination* and some might say a 
little imagination. 

Turning the larva over again to examine the back more carefully* 
we find the margin very sharp and slightly browner than the terra¬ 
cotta center* Laterally nod posteriorly it is a little hollowed within 
the margin. Across the middle are three-very distinct lines* darker 
in color* and with the surfing in front decidedly higher than behind* 
They occupy the middle two-thirds of the surface* hut do not invade 
ihe fourths on each side next the margin* In front and behind 
these the indications of the segmental divisions arc very obscure* 
A faint indication of a dorsal ridge exists in front of these lines. 
There are a!so n number of dots that appear to be obsolete hair 
points, arranged in some degree as u transverse line across each seg¬ 
ment, but with outlines enough to make such a statement a little 
doubtful or even misleading. The two segments marked out by the 
dorsal Lines are the fourth and fifth abdominal* 

The character of the sharp margin of the dorsal area needs a 
little more definite description. In the first, place the out-sloping 
sides for I heir top millimeter cease to slojw* but become vertical ; 
then inside the sharp bonier the surface descends again steeply so 
as to form a sharp raised border to the central area. In front 
the inner slope soon bends into the flat dorsal area: behind it does 
so more slowly, resulting in the hollow before noticed. Around 
this portion there is, inside ns well as outside the sharp margin, 
a breadth of about 1 mm,* differentiated by a slight line from the 
general dorsal surface. 

Ween iiiirrowt^picoilv* I lie w hole surface consists of very minute 
raised dots* each carrying a fine point; on the marginal flange sur* 
rounding the dorsum these are modified into an arrangement that 
ha* just the appearance of overlapping fish scales. 

The spiracles are difficult to find: in find* Doctor Chapintm 
faded to find the thoracic spiracle- The abdominal spiracles are 
precisely where they arc in the small larva. They arc very small 
and differ little in appearance from the hair-dots noted above! 
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Jhev ace minute holes with no marginal structure. Some trace 

^5* 1 t f ue a P ir ™\*f r ™ «< « Httle depth within them, nr com- 

by a scaJchkfl mjter iziargiiL 

Perhaps the moot remarkable fltfug about this larva is thr modi- 
ficafon which has affected the prolega. When we examine the soft 
tinder side of the larva the head, true legs, and prolegs are seen 

'*. r 7. muc l' n * 1J * thc y°™8 The head, however, is noarlc 

white, and so are the true legs except fi Jr the tarsal tips, 

Beginnin g at the margin of the dorsal shield one finds that the 

'J*r* rK " ,,t r" ° f ll,p gen * raJ cari 7 hairs Of carious 

Irngtlis, some almost evanescent, others nearly 0.25 mm. long 

1 n0 . iinuht assist m lllfl hinc the apposition of the larva to its 

the t r C °? P!cte ; T he * V “ t,J '* tnlc hairs jointed at 

r^etzr * ,,n ,,,n * re ,,mb “ bi >' 

nZIr **■ n ™ » ]mit ft® mm. in diameter. As one 

pluses inward from the margin the hairs get nit her thicker and 

C'all chitimf f ‘ 1 {r ™r\ l * °‘ 2H ,nm " tI,e hn^cs 

* h ^ mons ,,,inr - nnd u short way in there is apparently a 
smooth surface thickly studded with white, short, thick hain. As 

^ pm, 'T f heSC ** s!lo, ‘ nr Imtl harper, ,mi fail 
of wb " A * "" Jl '? below swimnit of .he column nt the top 

mW^ S ° P ° rti0n of thn le *- There, just at the mar- 

thlr Sl,mm!t ° f ? e . co, " mn ' « « compact circle of crotchets 

rm n,^ l w?’ y v m Cd mnni,fir from those ordinarily found 

win M ; n • th,S ° irt,|e ?R ’ *»■ projecting mas, of tissue 
vilth a ridge along its summit from front to hack, with parallel 

Stnm running down to tlm margin. The crotchets are hooked out- 

*? I>a “ ^ «f«« -* 

, without fanning two or three regular rows, am in mom than 
one row. The bttie smooth space outside them gives them room for 
movement without being interfered with by the hairs that clothe 
the rest of this under surface. 

Th^i circles of crotchets, which are tn all appearance identical 
dh the complete circles found on the prolegs of “micro” larva 
are not the ordinary crotchets at all, but an entirely now structure’ 

1 he true crotchets exist in the young larva?, but in this full-crown 
one are merv y represented by the stria, on the central fleshy mass 
noticed, which ,s really the true proleg. The crotchets here existing 
are around the summit of the pillar, at the center of which the true 
°<*“ f"-' 1 I*** Chapman any, lh „ t ft. 

Of working must be very similar to that of the “mmm” full cir¬ 
cle, but instead of having a central tendon as they have it has the 


70)41-48-St 



470 AfcSUAb REIHMtT sfM1THsH»NIAK INSriTUTUHS, 1M» 

wliulc prolt}! structure by the movement of which it must I® H ‘ 
pamlwl ;intl iuntnickd so as to take ami reins its Isold. 

The true legs are rather small mid rather thick, and densely, or 
at least very closely and regularly, clothed with tine white hairs. 
They terminate in a claw, slightly hooked, slender as compared with 
the last joint of the leg. dark ill color, making it look very strong 
ami sharp, amt capable of being flexed so as to fold up on to the 
Inst (tarsal) joint of the pro leg, reminding one of the tibhe of Se-pa 
or Mantis. 

The head is nearly colorless, about 1,7 mm. wide. Centrally below 
the month and pointing backward is the labium, or part of it, u 
pate conical rather than cylindrical process ending in a short 
chitinoilB tube (spiimereti). On each side is a long palpus 
(maxillary?) of three joints, thts last very small, projecting ven¬ 
tral! v and apparently with a fleshy process (maxilla?) toward the 
middle line. In front is a tolerably normal I ft brum, square and 
notched below, with a good many short baits on its anterior surface. 
The iiiiteniuc are very long, about 1.1 mm., and regularly clothed 
with line lialrs; Doctor Chapman could not recognize a basal joint, 
if there he one; the next, therefore the first, is very long, 1 mm., 
ami also thick, about mm. The last joint is a small square piece 
about fl.l min. 

The lubrum is very fixed in its position and moves little. Doctor 
Chapman says that even if ho is deceived in this matter by having 
only still preserved specimens to deal with he is certain linit it lits 
down very closely and tightly laterally in the maxillary bases, leav¬ 
ing in front an oval opening between it and the labium within which 
the jaws are visible, with apparently some room for movement in 
the cavity thus formed. 

Each jaw carries three teeth, each a long sharp spine capable of 
piercing, but certainly not of biting. Each jaw is probably capable 
of meeting the other, so that tlie teeth may interlock; but in the 
specimens examined one jaw is entirely in front of the other. 

There are six eye spots, live of them in a circle, the other separate. 

The head, which looks sunken into the white fleshy tissue of the 
under side of the larva, is really very moveable and has a definite 
neck (?), so that the mouth parts, which are at the front of the 
head and point more or less forwards, can In; directed directly 
backwards between the true legs, exposing the front or dorsum of 
the head, which is rather longer than broad, nearly colorless, and 
has sotne hairs and the usual suture marking off the clypeus. 

Doctor Chapman also had h larva of intermediate size which 
differed from the larger one in nothing except, perhaps, that the 
fl pirades were more readily seen than in the full grown one. 
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The pupa which he had was very large, 2S mm. long, 11 mm, 
hroml, and 10 mm. deep, while it was depressed in front in u way 
apparently due to pressure. Were the rounded contour of the dor- 
sum mu! sides continued, its depth would be 12 mm. 

It is typically Jyciemd in form, being very round at either end, 
broadest at the fourth and ii ft h abdominal segments, narrower 
ihuracimlly; the head is beneath; there are no movable segments; 
thiwt* nra no traces of cremastral hooks, or of any silken girdle: the 
first k-g lies equally against bead mid autennm. The maxi lie nre 
well developed. They appear to contain no maxilla (the individual 
*»ing dose to emergence), hut the labial palpi are very evident be¬ 
neath them. 

The most characteristic feature of the pupa is u set of flanges or 
raised rilw, If the pupa were divided into a dorsal and ventral 
piece by a section through its widest dimensions, the line of sec¬ 
tion would mark one of these ribs, which starts around the abdominal 
segments from the anal angle of the wings femj of vein Iff) and 
goes round the end of the pupa, dividing the last segment into two 
portions. This segment is consequently .of considerable anteropos¬ 
terior dimensions, stretching a good way under the pupa, hut also 
liming u portion, as it were, lifted right out onto the dorsum by 
having to be above the llnnge, 

'Hie segmental incisions are all raised into double ridges: but 
(h-Iow- Lire marginal flange above noted, though with no Trace of 
anything of the sort above it, each segment has another single 
ridge or flange about one-third of the way in front of each incision. 
The scare of prolegs nre well marked by large areas into which these 
ribs do ru>t intrude, 

Doctor Chapman remarks that these flanges are obviously the 
remains of the great marginal border of the caterpillar, and of the 
division Ejcneath it of each segment into two. The marginal ridge 
extends forward through the wing?; but the pupal shell is so deli- 
iflte that it is difficult to say whether this ridge is in the wing covers 
or an indication of a flange on the segments Iteneath them showing 
through. 

The spiracles are more obvious limn in the larva, and occupy a 
similarly dorsal position. The pupa is very smooth and polished, 
at least thorad rally; the abdomen has very numerous, almost micro¬ 
scopic, hair points. 

Doctor Chapman also had a specimen of the pupa within the 
larval skin, which fully Illustrated Mr. Dodd’s account of how 
pupation occurs. The larval skin becomes a little altered by the 
dorsum being rather raised and rounder I, but substantially it is the 
full grown larva one sees, and this forms a case or cocoon, precisely 
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m happens in the pupation of the Muscidie. The pupa inside lie- 
quite free from any attachment to the skin, hut the ventral depres- 
*4on of the pupa h due to iLs having to fit on the ventral aspect 
of the larval skin, which is raised centrally by the head, legs, 
pro legs, etc* 

The larval skin dehisces by cracking around the marginal crest 
in front and by a crack across the front of the three ridges—that 
is t between the third and Tour Eli abdominal segments. The semi- 
cirniiiir portion thus marked off again divides longitudinally into 
two portions. lit Doctor Chapman’? specimen one of these por¬ 
ticos was missing, the other loose. 

Dr. William M. Mann found several of the caterpillars of L?- 
pkyra brastalis at TulagL British Solomon Islands, in the leaf and 
silk nests of (Ecophylla sm&ragtfina van subniUda* Ho remarks 
that these larvte much resemble tho?e of Nicrodon and glide along 
in a similar manner, though very much faster. 

KumniTiiA MtaifiGA 

All of our knowledge regarding Hie early stages of tins curious 
form we owe lo Mr. W + A. Lambono whose observations were mwle 
at Oni Campi 70 miles east of Lagos, Southern Nigeria. 

Mr. Lamborn made a window into a nest of the ^tree-driver" 
ant (OEcophyUu mi&rafjdina race l&nyuwda) by snipping out a 
square piece of leaf with a pair of scissors* and on looking in lie 
saw a larva which he recognized ai once, as it was similar to onv 
which be had previously seen assailed by these ants, but which had 
successfully protected itself by drawing down its hard carapace- 
like shield in limpet fashion to the supporting surface. He tore 
i he nest open and discovered more larva?, and thereupon took ants 
and all home in a tin hov, He broke other nests open and found 
larvae in four more, bringing up the total of larva- secured to 19. 
The lame were not dll of the some age in each nest. 

He remarked that the head of this larva is remarkable. When 
the larva is at rest and usually when it crawls the head is com¬ 
pletely hidden by a fold of skin which extends all around so sis to 
form with the leathery skin of the back and sides a kind of cam- 
pace. The head is sometimes thrust forward under the fore margin 
of this fold, and one then sees quite a long neck gradually tapering 
to a point terminated by fine jaws. 

As it crawls the larva frequently swing? this proboscis first to 
one side uml then to the other ns if in search of food. It took Mr, 
Lamborn 4* hours Lo find out the source of their food supply, for 
they did not touch the leaves, and he did not im them attack ants 
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ur Eiut htrvte; neither did they go near the dead insects which the 
ants bad storeiI us food. 

He actually saw one of these Larva? thrust le* little proboscis into 
the jawa of a largo ant and keep it there while the ant made Move¬ 
ments os if feeding it. Sometimes, loo t when n large ant was feed¬ 
ing a smaller one the latter retired in favor of a caterpillar. The 
caterpillars were frequently near with extended proboscis when the 
ants were mt metering to their own male and female larvae, 

lie noticed Unit the feeding does not seem to take place wry 
often, and presumed that the high nutritive value of the material 
p rovi ded ma kc.n - i t u nnecessa ry. 

When the larva feeds the fore part rif the body is raised and the 
margins of the lateral folds of cuticle are bent around until they 
meet, thus protecting the soft ventral surface. The head comes out 
at the apes; of the cone thus formed. 

The larvos appear to be extremely slow growing. 

The head and neck of the larva appear to be protected against 
attack, but the ante lose no opportunity of seizing other parts. He 
once saw a larva crawling with an ant fastened to one of its clasp¬ 
ed the abdomen only of the ant being visible, as the rest of its 
body was under the lateral fold of skin. He also saw a larva which 
protected itself by just settling down closely on the supporting 
surface* an d when the ante retired it raised itself a little and 
crawled, but when they reappeared it settled down again, 

Mr. La inborn notes that observations on these larva? are diffi¬ 
cult, as interference with their nests causes the ants to remove to 
a new home nearly every time. 

Some half'Stupefied krvee were put into an ante" nest. Such a# 
happened to fall on their bucks were immediately seized by the 
ants. Mr, La inborn also found that a healthy larva placed on its 
back had difficulty in turning over and Ls in this position liable to 
attack. In one instance he saw a larva with an ant gripping it by 
the neck on the vent rail side. 

Two larvn? of this species each about '20 mm. in length collected 
by Mr. I'ambom were described, in detail by Dr r Harry Kltriughuin. 
He noted that the dorsal and lateral views present an appearance 
recalling that of a rnollusk rather than that of a lepidopterotu 
larva. The ground color is brownish ochrcous, amt there arc several 
irregular markings of a rich umber brown. The lateral portion of 
rbe larval skin is extended and modified into u kind of mantle, 
the edge of which touches whatever the larva, may In- resting on. 
From the edge of the mantle the sides, which present an irregular 
and wavy surface, slope up to the dorsal area, along the whole 
length of which is a deep groove bounded on each side by a hard 
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cbitinous ridge, th# latter, except at the extremities, being thrown 
into h series of deep curving folds. This dorsal groove corves down 
io the mantle edge rather abruptly at the binder end* but more 
gradually at the anterior extremity. Round the edge of the 
mantle there are 24 dark brown spots, many of which are extended 
toward the dorsal region as irregular marks, and between these 
markings there are sometimes smaller spots of the same color. 

< hi each side there are mnn .spiracles. The first lies just above the 
second dark spot of the mantle edge, the second is above the fourth 
spot, mid the remainder correspond in position to the mantle spots 
beneath them. The third is placed very far up the side, the fourth 
is a Little lower, and the remainder are still lovrer and in a nearly 
straight line. 

The whole structure of the exposed portion of this remarkable 
larva is profoundly modified, presumably as a protection against 
the attacks of the ants by which in life it is surrounded. 

The entire skin is covered w ith thick chit!nous plates, which are 
irregularly radiate and have doping edges. The projections of these 
plates interlock with the lateral cavities of those adjacent, and the 
appearance under a high power is not unlike that of a complicated 
armor sheet of cogwheels. Such an arrangement doubtless pro¬ 
vides a very efficient protective covering w ith a maximum of flex¬ 
ibility. The plates vary considerably in size and in the extent to 
which the edges arc sloped. 

Microscopic examination shows that the brown markings on the 
larva are caused by the presence of hi ml I brush-like chi ti nous 
tufts, one of which arises from the socket in the center of each ell it i nous 
plaLe, In the implemented parts of the skin, from which these 
tufts are absent, the plates still have the sockets, so thnt at one period 
of its evolution the larva probably had the tufts, or at least some 

scale-like growth, an every plate. 

Here and there in the armor, especially (probably exclusively) 
on the pigmented areas, there are small round openings, the edges 
of the adjacent ehitinmiB plates being neatly hollowed, that each 
forms its representative part of the circle. UocLor EUriugham sug¬ 
gests that possibly these apertures ure the external openings of 
glands, though he had no proof of this. If. as he believes, they 
are confined to the pigmented arcus, this would probably account 
for the correlated presence of the brush-like tufts, which may either 
protect the openings, or, us Professor Foul ton has suggested, buhl 
.some. attractive secretion prized by the ants. 

The extreme outer edge of Lise mantle is armed with a regular 
fringe of flat T chili nous project ions, their buses furnished wills inter¬ 
locking proi es-i >i. On the upper side of each projection there h a 
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thin scale, very narrow at ib* sockets, but increasing outwardly to 
about the same width ns the projection on which it lies. The pur¬ 
pose of these scales is not very obvious, but possibly they may have 
u tactile function. Within the peripheral fringe so formed there is 
a row of thick elongated chltinoua plates, the edges of which are 
provided with somewhat irregular interlocking processes* Each 
plate lias a scale socket, but apparently doe* not bear either a scale 
ur a brush-like tuit. 

The spiracles have three slit like openings*, a long central «na f 
with others Jess than half as long above and below. Doctor Eltriug 
Iieuu says that most, if not all, of these have these openings, although 
it is sometimes difficult to be sure of the presence of nil three. 
Protection is afforded hy si iff pointed hairs, for the most part curv¬ 
ing inward toward or over the spiracular oritice^ Finally tlie hard 
chitinous ridges of the dorsal groove ate armed with very short 
hook!ike spines and there are a few 1 spines ur hairs on the under¬ 
side of the mantle edge so arranged as to preclude entry If the 
mantle were raised at any part. 

On turning the larva over its lepidopierous character becomes 
more evident* The head, three pairs uf true legs, mid five pairs of 
prolegs can now be seen. The true legs seem to become progres¬ 
sively slightly larger from iji front backwards, while the last pair 
of prolegs are much smaller than the others* The prolegs arc of 
what Doctor Chapman has described a* i Ij^ " macro ' 1 type, having 
hooks only on the inner margins uf the feet. 

The head calls for special remark, owing to its modi ti cat ion in 
adaptation to the ha hits of the species. If is elongated and some¬ 
what conical in form, and when withdrawn there is around the base 
a deeply umigijmted fold of cuticle. There arc six ocelli, four of 
which are anterior and lie in a small semicircle, the remaining two 
being rather more posteriorly placed. The antennte are placed 
laterally just above the labrum; am! beneath the latter, and In a 
doiisaJ view concealed by it, are the mandibles. These have four 
ridge! ike teeth. The uj axil he have two large Lobes each with two 
small points, and in the actual specimen lie dose together forming 
what looks like n pointed organ projecting from beneath the labrum, 
when viewed from above. There are large maxillary palpi, and the 
hdirum m long and some what pointed and bason it a small papilla, 
possibly a tactile organ* There 3* ^omc evidence of a second and 
smaller papilla. The mouth parts are exceedingly small mid difti- 
cult to make out distinctly* 

The pupa is attached in a peculiar way to a leaf, it* sut-kerlike 
extremity being spread out and apparently cemented down* The 
larval skin is not completely shed, but is split open on the exposure 
of the pupa| afterwards remaining in this expanded condition* 
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In comparing thtse larva* with the larva? of Lipkyra braxsolw 
Doctor Ekringhatii nates that in the latter the cuticle is not pro¬ 
vided with interlocking plates as in EvlipAyra mirifea, but is covered 
all over with chitincua tubercles, and at the edges of the mantle is 
provided with numerous short setse. There is no dorsal groove, and 
tiie cuticle is not thrown into ridges. As Doctor Chapman hue 
stated, (he spiracles are minute holes without marginal structure. 
Tho mouth parts are larger than in Eulijihijra. The antemue arc 
certainly longer and more conspicuous, and the jaws are more 
adapted for piercing and tearing. The peculiar modification of the 
prolegs is not evident in EvUphjra, 

ASLAlfUA VIM INCA 

As was discovered by Mr, IV. A. Lambbrn at Uni Camp, In South- 
i-i'ii Nigeria, the larva 1 of this species are carnivorous, feeding upon 
tiny smooth hemispherical coedds {Pseudocode Imujiapimu. a com¬ 
mon and widely distributed pest, and tecttnwm punctulifrntjh) 
which are attached in colonics to the stems or leaves of different 
plants. On some leaves they occur in great numbers at the base on 
the under side, tilling up l he depressions between the main ribs and 
clustering also on the stem just below the insertion of the petioles 
{Pjicudcvacvu* lonffi#pinus) . or on (he stems of various plants, 
especially kola (Lecanhttn punctwlifcrttm var. l&mbomi). 

The cuemds are attended hy ants, which cover them with enrtoa- 
llkc shelter composed largely of finely comminuted vegetable detri¬ 
tus aiming which there are fragments of bud scales and numerous 
unicellular epidermal plant hairs. 

AsLAUGA LAMTIIIRM 

Mr. Lamborn found that the larva* of this species present the same 
general characteristics as those of 4. vininga, being oblong in dorsal 
view with lateral surfaces sloping downwards and outwards. They 
have a hard, tough, toad-colored skin covered with coarse rough 
tubercles evidently protective is function, which is extended down 
us it fold nn all sides in carapace fashion so as to protect the softer 
lateral ami ventral surfaces. The lower margin of this fold bears a 
fringe of very Hue hairs, such as would efficiently prevent small 
insects from crawling underneath. The segmentation characteristic 
nf kpidopteroiifl larva? is shown only by the presence of spiracles; 
but rather more than half way tn the anal extremity is a deep 
transverse groove, the only region at which, owing to the leathery 
consistence of the cuticle, it is possible for flexion to take place. 
The cuticle is indeed so hard that a larva placed on its back is 
unable to bend itself sufficiently to turn over unaided. Toward the 
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hinder end of the body and just inside the spiraeular line are two 
horny rounded eminences, one un each aide of the ns id-dorsal line, 
From these eminences pointed tube roles are from time to time thrust 
out* but no dorsal gland was detected. The tubercles appear to 
represent those of other Lyeienida% in which, however, they are more 
externally phired, being just to the outer side of and behind the 
spiracles of the twelfth segment* 

The head is small in pi-oportiori to the size of the larva, and there 
is u definite neck of sufficient length to enable the head to be thrust 
forward, or retracted in tortoisedike fashion under the shelter of 
the carapace. The anus is protected in a similar manner. 

The food of the lurvte are little beady cocci'Ls fStirtoeowus 
ttjoatedti) f on ml in considerable numbers immobile and firmly fixed 
to the young shoots of certain plants. These ooccida yield a watery 
secretion much in demand by ants; it is not sweet to the taste, but 
has on aromatic flavor rut her suggestive of turpentine. 

The coccids are usually surrounded by it multitude of ants. The 
ferocious w tree-drivers M (ffic&phyliti) du not cat them, but seem, 
like the other ants, to visit them for some food inuteriuL Mr. Lunt- 
born noted that the ants not only attended the coecids, but ran all 
over the lyctemd larvie. The mits often roof over a number of the 
coccids with a thin covering composed of pEirtieles of bark and 
other vegetable debris so as to form a convex chamber which fits 
down on all sides around the inclosed insects. The chambers are 
about the size and shape nf a half hazelnut, and are tenanted by 
ants as well as cocoitls. 

Mr. Lamborn is disposed to think that in some cases lye&uido 
find food where these bodies have been, for some stems frequented 
by the butterflies look as if they had borne the coccids. 

The first caterpillar found, brown in color and resting motionless 
on the stem, looked so vary like one of the ant instructed chambers 
that it bad it narrow escape from injury, for Mr. Lamkirn actually 
attacked it with scinsors under a mistaken impression as to wlint it 
really was, his custom being invariably to explore these chambers. 

Mr. Lamborn records that within a periiwi of 24 hours one larva 
consumed 12 out of Ifi cocci ds at its disposal, and another Ifi out of 

a few basal portions still remaining attached to the stems sup¬ 
plied both larva?. He found that the larva? would eat these coccids 
whatever the plant they happened to be attached to, 

LTCJflNA aeiok 

In a note published in 1&&& Mr. A. K. Karn wrote that he hail had 
experience with ihe larvae of Lyctrrui ution for some three years, 
rearing them up to a certain point from the eggs laid by females 
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taken by himself, Although he hud failed to get than to pupate* 
lie had had the larva* nearly, if not quite, full giwti* 

The color of the larva- he had woa more or less lilac, this color 
1 wanning more brilliant as the larvaa increased in size until it 
might almost be described m violet. At this period they spun to¬ 
gether the seed heads of the thyme, but he never succeeded in find¬ 
ing them alive in the spring following. 

Mr. Fam wrote to Mr. F. W. Frohawk that the eggs laid by the 
females under perfectly natural conditions are laid singly (he 
found only one exception) ami are inserted somewhat deeply among 
the dusters of buds of thyme. He could nut discover any eggs on 
thyme in full bloom, and remarked it would seem that the bud^ 
are chosen so that the hatching of the larva? and the opening of 
the buds should be cunteniporanrous. 

In 190:i Mr. Frnhuwk wrote that from observations he had made 
the preceding year he felt convinced that some ron motion existed 
between the Jar vie of Lyatna aritm amd the common yellow ant 
{Formlm flam) by the preference shown by the butterfly in select¬ 
ing the thyme growing on ant hills for oviposit tan. 

From July o to IT. inclusive* he found L, ariott numerous. Din¬ 
ing thb period he watched several females laying eggs ami on 
the last day saw four female* laying their eggs on thyme blossom* 
on the top of ati a nt nest. 

The thyme grew in patches among the short turf, which was 
composed of the usual small plants which clothe the surface of 
the Cornish downs, and with ll few furze bushes doited about, 
and nu the ant. hills. But the plants selected were those growing 
in the open and some distance from the furze bushes and there¬ 
fore fully exposed to wind and rain* 

Under every patch of thyme visited by the female butterflies 
he found ante' nest*. He also saw other females lay eggs on the 
tbvme growing on ant hills* and also on the thyme upon the turf 
walls where ants mv likewise in abundance. 

On July he found two larvax which he had raised from eggs 
deposited on polled plants by several captured females, rolling 
abon i together under the thyme blossom. On close examination 
he found that the smaller one had seized the larger with its jaws, 
which wore buried in its side, and was apparently sucking jt* 
Upon pulling them upurt he placed the victim under the micro- 
i-vope and found a deep hole hi its side, with the surrounding 
surface shrunken and liquid exuding from the wound. lie re¬ 
marks that this roiudii&hsdy proves the CftJmiUdistii habit* of 
the>e larva?, which he had always suspected, ns on previous occa 
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sionfi large number of ]arvuc Had disappeared in a mysterious 
manner. 

He then placed about 50 larvae on as many sprigs of thyme so 
as to keep them separate and under very dose obeorvatioiL On 
August 11, many of the Uivks having paused their tiilrd molt, when 
they cease feeding cm thyme, he started to investigate what rela¬ 
tion there might be between the larva* and ants* thinking that in 
nil probability they might feed either on the larvae or pups& of 
the latter. 

lie Imd previously found that after the third nolt the larvae 
persistently refuse U* remain on thyme blossoms, or indeed on any 
other part of the plant, end appear in have a tendency to hide in 
the ground. Although thyme and various other plants were sup¬ 
plied to them, they refused to feed, so, having them with a grow¬ 
ing plant of thyme and keeping them under conditions as natural 
as possible, trusting they would hilieraate in that stage, he left them 
undisturbed: but subsequently nothing more was seen of them. 

He at first selected one of the lame after the second molt to 
experiment with, us Ha found that after the third molt they do not 
attack each other. Their cannibalistic habits only exist during the 
first three stages. 

He supplied this larva with an ant's cocoon with one end removed. 
11 at once began eating it. fie then placed the two objects under 
the low power of the microscope to watch carefully the proceedings, 
which were interesting- He watched it feeding on the jelly!ike sub¬ 
stance of the pupa, as well as the cocoon, which it ate in the same 
manner as it would a leaf, by biting the edge. 

So far tins seemed satisfactory, ns be. thought he Imd found the 
right food for the I it me in their sub^pjeuL stages; but this proved 
rmt tn Ikj the cnSeu 

Having found a dead L. ari&n larva, he placed it in a box with 
some ants, which immediately seized hold of it, apparently intend¬ 
ing to kill it. 

He then put n living larva in another box with four ante (Formica 
fi'ava)« and expected tliem to treat it in the same way, but was sur¬ 
prised to find them act quite the reverse. They nil immediately ran 
to it and, waving their antenna- over and upon it. at the same time 
closed their jaws, and then apparently smelt and licked it- and 
seemed particularly attracted to the hinder part of its hack, about 
the tenth segment- First one and than another of the ants would 
run over the larva, and thou atop to lick that part of its buck. He 
then noticed that a tiny \+*ml of moisture appeared* ami one of the 
amis touched it with its mouth, which instantly caused the bead to 
disappear. He afterwards placed both larva and ante under the 
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microscope, which at once revealed the cause of attraction, for 
there on the tenth segment be found a small transversely elongated 
glnnd on the dorsal surface. 

He then examined with the microscope another larva in the .>1101(2 
stage while it was feed in g T during which operation the gland is 
kept throbbing* So he placed the ants dose to it, and soon saw 
them run over it, Directly a foot touched the gland, or the region 
adjacent to the gland, it throbbed more violently and swelled up. 
h then exuded a globule of dear white liquid* At the same instant 
:m nnt licked up the drop. In a few seconds tin ants foot again 
touched the gland, and another head of liquid oozed out, which 
was at once again licked up by an ant. 

An interesting fact was that the larva did not hoed the ant* run¬ 
ning over mid nround it while if kept feeding; but the gland is 
apparently extremely sensitive lu the touch of an ant's foot. 

lie several times touched the glands of several different larva* 
with the point nf a very fine sable-hair brush. This caused the 
Inrvfu'at once to wince and to contract; but in no way cnuld he 
induce Lhe exudation of the liquid- But as soon os an nut’s foot, or 
the claws of the font, touched it a bead would appear* to lie sit 
emi t- imbibed by the nuts. 

Although the larva was kept In a box with numerous ants* both 
workers and winged females, together with their pujuc. not one 
attempted to bite it: as -mm as they touched it they slowly dosed 
their jaws and waved their aiiicniuc over and upon it 

The lame appeared to be perfectly at home with the ants* neither 
snole^ting the other. After the third molt Mr. Frobnwk was nn- 
uble to perceive any attempt at cannibalism among the caterpillars, 
although this habit exist# in all the earlier stages. 

On July 12 * IWo* when in company with Mr. A. L. Hayward. 
Mr. Frnhfiwk discovered a living pupa of Ljfctwut aiwn t arid near by 
a p\ipa case of u freshv emerged female which Mr. Hayward de¬ 
tected at rest. 

Ah described by Mr. Fro hawk the pupa bears a general resemb- 
Inme to the pupa of Lt/a$wi w/tm* except for it_s much larger si/e. 
measuring half an in* h in length. In dorsal view acm— the middle 
its greatest width is three-fourteenths of an inch. The head is ob¬ 
tuse, the 1 m-e of eIji' wings h slightly angular and swollen, the wing 
is slightly concave, and the abdomen as swollen at the third and 
fourth segments* becoming thence attenuated and rounded pos¬ 
teriorly. 

In side view the pttpa measures three-sixteenths of an inch across 
the middle i he head is rounded, the thorax convex and rising 
into a flight dorsal ridge, the met at borax and firs! abdominal seg- 
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ment sunken, [lie abdomen swollen lti die middle inuE curving to 
the posterior segments, which are rounded. The anal segment is 
oppressed to the ventral surface. The crem astral hooks hire absent- 
The wing is amploj swollen* and rounded across the middle; it e.v 
lends to the fifth abdominal segment. 

The entire surface is minutely granulated and covered with very 
fine reticulations of a deep amber color. The spiracles are prom¬ 
inent and blackish, the surface posteriorly adjoining them beset with 
n number of shining raised beadlike processes* some bearing minute 
amber-colored spines which have the apical half branched witti ex¬ 
tremely small bristles. 

The color when first found was uniformly ochreous, with the eyes 
dark leaden gray. It gradually turned darker on the head, thorax* 
and abdomen. The wings remained ochrrous, but showed leaden 
gray hind margins. Then the median wing spots appeared, and 
oon thf whole pupa begun to deepen more uniformly until it as 
stoned a deep leaden gray all over* and remained unchanged for over 
30 hours. A perfect male emerged nt $M$ a, m, on .Inly 1 ?>. 

It was on June 3, ltKKJ T that Mr, Frohtiwk, In company with Ml 
A. L, Bay ward, first found the larva of Lycttna in its last 

stage. On arriving at the locality where they find previously 
watched the females laying eggs, they set steadily and systematically 
to work, closely examining every particle c*f growth and of the sur¬ 
face of the ground. This occupied the whole of the first day and 
half of the next : the intervening night was -spent in making n ^ire 
fid search by lamp light* 

As this all proved fruitless* they then determined on searching all 
the most likely looking ants 1 nc*ts. First one. then another was 
carefully dug up and searched without any satisfactory results; but 
knowing that the object of their investigations must be somewhere 
in the immediate vicinity T they continued their task* when at length, 
on shaking part of the crown of a nest over a cloth, a goodly sired 
I dump err am-coin red gnlblike larva fell out. which Mr. Frohawk 
instantly identified as a full-grown nri&n larva. 

In the same small portion of the ant*s ne^t they found three 
more. Of the fmtr T three were of almost similar size, about nine- 
sixteenths of an inch in length, and one was a good deal smaller* 
only three-eighths of an inch long* 

These four larvffi were only just beneath the surface among the 
roots of the little plants of grass grow ing with the thyme. The soil 
surrounding them was loose and friable* having been worked up 
by the ants. 

In company with flic caterpillars there were ants and their 
larvffl and pupa*. 
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Although Mr. Frohawk had not yet been able to ascertain the 
actual food or manner of feeding, be thought that there could be 
Imt little doubt that lhe larvte are tended by the tints (/,o*ii«r 
flavu-g) in the sane way that their own larva? are fed from mouth 
to mouth with the food the unis disgorge. 

Tii 1015 Dt T. A. t'lmptnflji published furtllflP obsarvalions cm tho 
last, stage of tiie larva of this butterfly. He noted that the majority 
of European * blues' 1 hibernate as larva' in their third stage, having 
in all Jive stages. Others hibernate ns full grown smd full fed 
larva;, others as pups), and some as eggs. Each of these habits is 
adopted by more than one species. 

Lyca\na arion differs from all of thaw and agrees with no other 
species in its method of passing the winter. Living on thyme, 
chiefly the flowers, it reaches the fourth and last stage some time 
in or about August, and then goes into hibernation. When it. does 
this it is St) small that it ib difficult to believe that it does not have 
at least one more molt in the spring, though this is not the case. 
The little caterpillar only one-eighth of an inch long grows to its 
mature dimensions of well over half an inch and correspondingly 
thick without a change of skin. 

On May 14, 1915, on pulling up plants over a nest of Mijmirfi 
scabriTi&dU I var. xubxttiti ami disturbing the soil at a ] joint close to 
overhanging heather, etc*, a larva of />■ awfi whs found. It seemed 
to he amongst loose earth that I lie ants had worked over, and if not 
actually in the ants' nest was within less limn an inch of ground 
actually occupied by the ante. The larva was found near the sur¬ 
face, hm precisely where in relation to the ants was not ascer¬ 
tained, the earth being broken ill* before ibc larva was seen. But 
it was certainly not in any permanent tunnel or chamber of the 
ants’ nest, but more probably amongst the looser surface material 
brought lip by the ants and n<*t yet consolidated and amongst which, 
in weakly constructed thamlxm, the nuts disposed of their larvie 
temporarily n» line warm days. 

The length of (he larva was 11 mm., and its thickness about 3 mm. 
Its color was a pule earthy flesh color with no trace of green any¬ 
where, and the impression it gave was that it must be a concealed 
feeder. 

Unfortunately in the rough process necessary in disturbing plants 
and toil the lurvu suffered an injury, so that the hope of discover¬ 
ing what it would eat was unavailing. 

There were visible some dark contents of (lie posterior extremity 
of the alimentary ennui shining through the ventral surface j else¬ 
where the larva was too upaque. to show whether there was any¬ 
thing of food material in it* interior. The dark Hums seen through 
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the lower surface was the posterior portion of the gut full of 
a dark material. It measured -l mm. in length mid over 0.5 pirn , 
in thickness, and was rather hard and solid. Farther forward in 
I he -rut there were &!$□ portions of contents, rather soft and easily 
pressed flat on a slide. 

The posterior portion nf the dark mass was rather shorter and 
more slender limn the forward portion* It showed a quantity of 
granular material in layers of darker and lighter appearance. The 
forward portion seemed to consist of a mass of minute hairs of 
fairly uniform size and structure* The less dense material found 
farther forward m the gut showed a number of identical hairs, and 
also some small triangular ctutinoua bodies very like mandibles of 
gome insect. 

On comparison Doctor Chapman found that the hairs in the 
■irion caterpillar agreed absolutely with the hairs of the fully grown 
hr™ of the ant Myrmwn M'ribrirt&di:^ while the chit sunns triangles 
agreed exactly with the mitndiblcs of t lie some larva*. Nothing of a 
vegetable nature was found amongst those contents, and it could not 
be doubled that the caterpillar had eaten many ant krvie, mid 
nothing else for a lung rime- 

Doetor Chapman remarked that it seems highly probable that the 
caterpillar of Lt/cwim tirwn in its last; £ta-re behave* as do the lurvse 
of nmnv lures and wasp*, various parasites* and other insects that 
live on material that is practically all digestible and contains very 
little effete matter; that is, it does not, until it has completed its 
growth, evacuate any of the contents of the gut, but allows nil the 
undigested material and effete mutter to nec emulate in the rectum 
during the whole period of growth, to be ejected when the period for 
pupation approaches. Such a procedure is not known in the case of 
any other butterjly. 

The posterior and therefore earlier portion of the waste matter 
gave no Indication of what food it represents, though the later por¬ 
tion represents many ant larvie all apparently in their last stage. 

Doctor i'hapirum raises the question whether the first portion 
represents eggs or young larva" of the ants that were more thor¬ 
oughly digestible and so left no recognizable detritus* or whether the 
earlier diet wai a vegetable one. 

At u meeting of the Entomological Society of London, held on 
November 7, lfllT* Opt B B* P i ire ftp exhibited a short series of 
Ljjccrn/.i arum which lie had bred from the egg. After the third 
molt they had been carried into the ilasts of Mt/rmim Ittvinodia* 
At the same time Mr. Horace Donisthorpe corroborated an ob¬ 
servation of Doctor Chapmans that the ants* on being disturbed, 
carry off the larva- of lyaeakK beet his, etc,, before removing their 
own young* 
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On November 30, 1918, Captain Purcfov exhibited a store of home¬ 
bred Lycona arion. together with their pupa rases. He pointed 
out that the fully fed larvae seldom, if ever, attempted to tr.ra.vrl far 
aW »y from the ants in order to pupate. Larva? which he had kept 
both in the nests of Afyrmica scnhrhuxiin and of .1/. h t'inctim gen. 
ernlly fed in ebambers deep down in the nest where the small ant 
larvae in their last stage are cared for by the workers. 

When the ariat* larva was fully fed it generally remained where 
it was among the brood, slowly changing color from a fine ochreou# 
hue to a dead gray white. Six or seven days might ellipse before 
the larval skin was" east. The ante were running over their guest all 
the time, but never attacked it. even when the fresh pupa was at Its 
gof test 

The eremastral hooks would finally lose their bold of tbe silk port, 
and the pupa would lie at the bottom of the little earth chamber. 

When after 24 days or so the imago emerged it had to find its 
wav to the surface through the unt passages. This it never failed 
to do, and the freshly emerged butterfly would he found during 
the early morning drying its wings on the herbage growing on ihe 
nest. 

Tite egg of this species, as described by Mr. F roll aw k, is ntu.' 
forty-eighth of an inch in breadth and one-eightieth of an inch in 
height. It is of a very flattened globular form, sunken in the center, 
so much so that to the naked eye the operculum appears as a dark 
centra] spot. The entire surface is finely and beautifully reticulated 
with an irregular net work. The volar is pale bluish white 

Some eggs received by Mr. Frohavk from Mr. A. B. barn on 
duly 9,1896, hatched on the following day. 

The larva directly after its emergence is exceedingly small, meas¬ 
urin''' only one thirty-second of an inch. It is rather stout in. pro¬ 
portion. The segmental divisions are deeply defined, and with a 
longitudinal dorsal furrow. On the first segment there is a large 
flotsai darklv colored disk, and a smaller one on the anal su;merit. 
The color of the hody is pale ochreons yellow, tinged with greenish. 
On the dorsal surface are longitudinal rows of glassy white ser- 
ran'd hairs, placed in two pairs on cither side of each segment hIjovc 
the spiracles. The hairs of the dorsal row all curve backwards. 
The anterior hair on each segment is much the longest, and all have 
pedestal-like bui-es of an olive color. The hairs of the subdorsal 
pair nre both short, the anterior curving forwards, the posterior 
backwards- Below the spiracle, which is black, are three brownish 
serrated hairs placed in a triangle, all of which project laterally 
and have dark bases; the central one is very long. Below these, 
on the first lateral lobe of each segment, is a single --implt' white 
hair, and two other similar ones are found on the base of each 
clamper. 
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The head is of li shining olive black. The whole surface of the 
body is densely sprinkled with blackish pointer it a rough 

appearance, and adding to the appearance of the depth of the 
segmental divisions. The legs and claspers are similar in color to 
the body- 

A larva in the second stage measuring one-twelfth of an inch in 
length is thus described by Mr. Fro hawk. 

The first and last segments are flattened* projecting, stud rounded} 
overlapping the head* which k withdrawn while at retit, tiud the 
anal elas[>ers. The body is much arched, having a considerably 
elevated medic-dorsal ridge. The sides are flattened and slope to 
a lateral ridge; the under side is also flattened. 

The ground color is a pearly white, thickly studded with very 
minute blackish pointy and scattered over the w hole surface arc a 
number of bristles, varying in length, all having bulbous dark 
shining brown bases. The longest are situated on the dorsal and lat¬ 
eral regions. The spiracles are shining dark brown, 'The segments 
are beautifully marked with purplish pink* forming longitudinal 
stripes, the most conspicuous being the medm-dorsnl and lateral 
stripes* The three other stripes, two above and one Mow the 
spiracles, are made up of oblique markings, 'Use head and prolegs 
nre brown, and the claspers whitish, 

Mr. Frohawk noticed that there is a remarkable similarity 1>e- 
tween the buds of thyme and the larva?, both in their coloring and 
in their pubescence* so much so that it requires very close examina¬ 
tion to discover the little krvsp. They generally conceal them¬ 
selves inside the blossom, making deten tion all the more difficult' 
but usually a small hole is eaten through the rnlyx, when the larva 
may sometimes Ijc seen with only the anal segment protruding, 

A larva in the third stage one-eighth of an inch long was similar 
in coloring, pattern, and structure to the one fust described* except 
that it was brighter, the hairs a good deal longer, and the bend 
shining black. 

This third stage larva molted for the third time on July 
Twenty-four hours after molting if still measured only on e-eight li 
of an inch when fully extended. The general coloring was now more 
uniformly oehreous pink, and duller* The second and third seg¬ 
ments were humped* The first segment was sloping to the front, 
sunken in the middle, and rounded* overlapping the head, and bore 
a large black oval patch in the center. The three posterior segments 
wore a ho compressed and sunken. Each segment was humped suh- 
dorsftUy, forming a deep longitudinal merlin-dorsal furrow. The 
sides were concave, and the lateral ridge projected and overlapped 
for the entire length, hiding front view t fie legs and t-hisporg. There 
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were four longitudinal tows of long curved hairs, one being sub¬ 
dorsal ami one lateral- Each row was composed of a single hair on 
each segment from tlie fourth to the ninth, inclusive the subdorsal 
series ending on the last. The first three segments bad eoeh a set 
of three subdorsal hairs, those on the first segment curving forward. 
The lateral series ware likewise formed nf one on each segment, all 
directed laterally and surrounding the extremities of the larva. The 
hairs have the bases of remarkable formation, resembling glass-like 
pedestals with fluted sides. The entire upper surface of the body 
is densely studded with extremely minute pyriform glassy processes. 
The under surface is just as densely clothed with very short stout isli 
hairs. The head is oehreosis, with dark brown markings in front. 
The prolegs are dusky, and the el as per s are unieolor on the under 
surface. 

As described by Mr r Frohawk the honey gland of the larva after 
the third molt is of peculiar construct ion, being formed of flexible 
tissue and surrounded by numerous glassy white pyriform processes 
varying in size, some of which are extremely minute. Those border¬ 
ing the edges of the gland are furnished with excessively small white 
bristles* each process bearing four or five arranged in the form of a 
fan with diverging points; alt are directed toward the central aper¬ 
ture. the whole forming a fringe surrounding the gland, and are 
obviously for the purpose of holding the bead uf liquid in place, 
and probably abo serve os a protection for this apparently sensitive 
organ. 

The fully grown larva m seven-twelfths of an inch in length. The 
third mult is the last, after which every port, as determined from 
a careful microscopical examination of all the structural details by 
Mh Frotawk, remains absolutely unchanged. This accounts for its 
extremely small bend, which is out of all proportion to the size nf 
the larva T hut which was of proportionate size directly after the 
third molt when the length was only one-eighth of an inch. The 
small black dorsal disk on the first segment now appear* as a mere 
black speck. The head is set on a very flexible retractile neck which 
can be readily protruded beyond the first segment when the larva is 
in motion, but when resting the head is completely hidden and with¬ 
drawn into the ventral surface of the segment. 

In a dorsal view both anterior and posterior segments are rounded* 
the body gradually increasing in width to the tenth segment. The 
*egnicntfd divisions arc deeply cut, each segment being laterally 
convex. 

In n side view the first anterior and the last posterior segments arc 
somewhat flattened dorsally and projecting laterally. The second- 
ninth segments are humped dorsatly, The *iedio-dorsa1 furrow 
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usual in ly tumid lurvcs is onlj r indicated on live posterior half of each 
segment. The aides are sloping and convoluted to the spiracles 
The lateral ridge is dilated, swollen- and prominent, but rounded, 
and the ventral surface is fall and of n bulbous character. The 
rather small feet are well provided with strongly curved hooks* 

All of the other structural details are as in the larva after the 
third molt; but on examining the fully grown specimen Mr. Fro- 
hawk found that nil the long dorsal hairs had been broken or worn 
oil short, leaving only a series of basal stumps. 

The color Is n pale creamy ochreous with n pinkish lilac tinge along 
the lateral ridge and surrounding both the first and last segments. 

When first found the entire skin had a shining diblended appear¬ 
ance as if too tight for its obese proportions. 

Doctor Chapman found that in a nearly full-grown larva the honey 
g!nnd f which is so conspicuous in the autumn larva, owing to its com¬ 
paratively large size* remains of the same size and therefore looks 
extremely small owing to the expansion of the rest of the larva. He 
is inclined to regard it as still functional, the four circles seen at the 
bottom of the hollow being very distinct. He says that possibly, 
however, these would look just the same if the function were in abey¬ 
ance, although they arc certainly a feature of all functional honey 
glands that he has examined* 

This remarkable caterpillar pism over 10 months of its existence 
in its last stage, succeeding the third molt. 

The full-grown larva described by Mr. Frohawk pupated on the 
surface of the ground free of web. At first the pupa is a dear, pnlo 
apricot yellow, which very gradually deepens to a dark amber color, 
excepting the wings, which remain light ochreous. 

LpTCJSSA MflOMOKS 

Dr. T. A. Chapman remarks that this species which, though dis¬ 
tinct, is exceedingly dose to L. nr ion, probably has the same larval 
habits. 

Lyc mwa auxin 

On October % 1918, Dr- T + A. Chapman exhibited before the 
Entomological Society of London a bred specimen of Lyt&nn alc&n f 
probably die first specimen that had over been bred, certainly the 
first from las vie taken in the autumn- 

The larva of this species* which is green, has a well-developed 
honey gland. The eggs are generally laid on the calyx, and many 
flower heads have a large number nf eggs on them, probably each 
laid separately. The caterpillars live amicably together, being 
devoid iif the fiercely cannibalistic habits characteristic of the Inrv® 
of L „ tiriv/u 
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Doctor Chapman noted that the life history is interesting as being 
parallel to, though differing from, that of L> arum. The young larva 
feeds in the autumn In the flowers and other portions of GmOma 
pmumomntftc* and probably of other gentians. So far it is exactly 
parallel in growth to other blues, stteh as many of the English 
pleheiids that pass the winter m the third instar. When it reaches 
the third instar it leaves the plant, wanders off, and hitherto efforts 
lo carry It further have failed- At this point it agrees with L. anon 
in habits, but it is not like L . arion^ which is in a remarkably modified 
and concentrated (as regards skin armature) fourth mater, hut is 
in quite an ordinan r third instar* In its plant life it has differed 
also in that Severn L often five or six r la rm live amicably together 
in one Dower, whereas £. arton is solitary, and if by accident two 
larvce meet* as by a second egg having l>een laid on the same flower 
head, or especially when incautiously associated in captivity, they are 
inveterate cannibals. 

The remaining history' is that both £. arfon and L. alcon live in 
the nests of ants—Doctor Chapman kept both species in those of 
Myrmtea wabrinodis —and pupate in the nest The differences arc 
that L* anon cats the lint brood, whereas L* (dean certainly sucks 
their juices without eating them; and Doctor Chapman could not 
prove that it ever actually ate them* though he thought it did so 
when past the winter when its food would more often be ant pupae, 

L* arum is in its fourth instar and is provided with a akin arma¬ 
ture not unsuitable tu it when fully grown. L. alcon has only a 
third instar armature, and when full grown might be almost de¬ 
scribed as without one for, like L. arion f it does not molt after en¬ 
tering the ante" nest* but attains its full growth still in the third 
instar. The skin is then so attenuated that the fat masses are very 
obvious, and its general aspect is like that of nn internal feeder 
rather than that of a but ter fly* Doctor Chapman remarks that it is to 
be noted as exceedingly remarkable that a butterfly larva should 
attain its lull growth after only two molts, 

M, Oberthfrr, who is familiar with localities where A T alcon is 
common* considered it highly probable that it had a life history 
similar to that of L . arian^ and with the assistance of Mr, Harold 
Powell* found that ants would carry off the larvae of this butterfly, 
and also that the line would lap up the juices of wounded ant 
larvae. He provided Doctor Chapman with Lhe young larva; used 
for observation both in 1916 and in 1917, and his success in rearing 
the insect was, he says, entirely due to 1L Obertbur's initiative. 

Mr. Powell saw the larvae of L, alcon carried off by Tttramaram 
rttMjtotum and by Tmpin&ma erraticum* Acting on this hint Mr, 
Donisthorpc provided himself with a nest of Tetramoru?t^ and now 
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Ims & caterpillar of L. aicon thriving in it. At the same time Mr, 
Chapman had Jarvro in tin* neats of Mymiica teaIrinadu anti *1/. 
havtnodis. 

Doctor Chapman observed that when ants were placed in a new 
nest they refused to accept a larva of alcem, although they will¬ 
ingly accepted that of L. arieru 

SrAUDia Em:H 

Mr. Lionel de Nieevilie in 1S90 published a note sent him by Mr, E. 
Ernest Green from Pundul-ova T Ceylon, in which he said: “I have 
several times roared an insect indistinguishable from Spalffix epiua 
from a carnivorous larvn that associates with and feeds upon Dac- 
tylopiui aionidum {the 1 mealybug f of planters). My larvte were 
dull olive green above, with numerous minute dark bristles and a 
lateral fringe of brown hairs, beneath pale green, slightly suffused 
with pink on the anterior segments. It partially covers and con¬ 
ceals itself with the mealy secretions from the Daetyfopius. Pupa 
various shades of brown, wing cases pale.” Mr. de Xiodviile added 
that the larva is furnished with long irregular divergent processes, 
os in the larva id liutkinda, but here the tubercles appear to be ar- 
tanged more regularly, while some are much shorter than others, 

Mr. E, H. Aitkcn in December, 1891, saw a female 5, epiu$ flying 
suspiciously about n bush and thought it might be laying Us eggs. 
This led him to examine the plant, and almost at once he found an 
unmistakable lycuonid pupa. Then he instituted a tegular search* 
but not a larva could he lind t nor any trace of one. The leaves of 
the plant were nowhere eaten, and it was too much infested with 
u mealy-bugs TS to afford fresh wholesome food to delicate insects, 
lie had almost given up the search when he noticed tlmt some of 
the bugs were enormously large. He brushed the white woolly 
secretion oil of these, and they were uncommonly like lyranid 
larvae. They were of the wood-louse form so common among the 
larva of that family, of a dark greenish brown color, with a few 
hairs scattered over the back and a fringe of bristles running along 
the side and around the front where the second segment conceals 
the head. With this fringe he saw them shovel n quantity of the 
white stuff onto their backs and clothe their nakedness after he had 
denuded them. 

Watching them with a tens* he saw that they were feeding among 
the “ mealy-bugs.” They would pass over the larger individuals and 
bury their heads in the downy covering of a little one, and though he 
could not say he actually saw that they devoured it, he was quite 
satisfied that this was what they did. So he secured a number and 
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put them in a pill box with a supply of their prey* and in a few days 
the prey had disappeared and the larvae had become puprc, In a 
fortnight exactly twice the time required by the smaller LyciBuidfla 
generally, five specimens of &pabju eynu# emerged, 

Mr. Aitken was very much surprised at his discovery, for he did 
not then know that any butterfly larva) were carnivorous, except 
when they indulged in cannibalism and ate each other m Lycamidie 
often do* 

When he found his specimens he was traveling m baste through 
a very wild part of the country, so he put the pup® away without 
examining them. Later he obtained two more. On examining them 
with n lens what was his astonishment to And a face totally different 
from that presented by I he Africa® species (A r , Icm&lea) but even 
more lifelike and expressive. Ears were wanting, bill every other 
feature was there. The abdominal portion of the pupa formed the 
forehead, two gleaming black spots, exactly in the right place, made 
a most malignant pair of eyes, the arched thorax was the nose, the 
effect of which was heightened by its being almost black at the 
muxzle, and the head, with its attachment to the thorax, formed the 
chin and bps, 

Mr, Aitken says that no description can convey any idea of the 
way in which the contour, features, and expression are worked out. 
and he is afraid that the figure on his plate will lie regarded as 
overdone. To ibis he can only reply that it is underdone. 

In Ceylon Mr* R Ernest Green on more ihan one occasion found 
the caterpillars of this species inside the nesis of a trow ant 
nuixtogm f#r dohml) feeding on the w mealy'bugs n ( Dactyl® piu&^ 
sp.) inclosed therein* 

Spalfji# &piw! is found in Burma and the Mergui Archipelago, 
throughout India, and also in Ceylon* In the Kotinwa Forest at 
Guile, Ceylon, it is very common and easy to capture, frequenting 
shady places and high jungle. Elsewhere, while it really can not lie 
railed rare, it does not seem to be common, 

Resides the following from Africa then? are alsout half a dozen 
additional species of Spalgis occurring from Hainan southward 
through the Malayan Islands to the Moluccas* Presumably all of 
the.se are carnivorous In their younger stages, 

Spalgis leholea 

On January 10, IfiOl, the Rev. A. C* Good w rote to Dr. W. J. 
TTolliiiid from Kiingwe, on the Ogove River, West Africa: u To-day 
I stum bled upon the queerest object which I think I ever saw. On 
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tiie under aide of the leave* of a frangipanm 1 saw a Dumber of small 
ehiysalkk which boro a most absurd resemblance to a human face, 
I found si few of the larvae still unchanged. Their color was dark 
brownish. * * * The body was all covered over with a whitish 
substance not a part of the body, and which 1 took to be the remains 
of plant lice with which the underside of the leaves on which the 
larvae were found abounded. I think that these caterpillars must 
have fed upon these white plant lice* for 1 could not detect that they 
had eaten the leaves. * * * The chrysalis is attached to the leaf 

by the buck of the head, and presents to view in a wonderful way 
the face of a man or a chimpanzee. Especially do the eyes and the 
well-marked brows overhanging them present a startling resemblance 
to the human face. The natives notice it, and are surprised at the 
resemblance as much as I am. Here is mimicry, but to what possible 
purpose? Or has Dame Nature for once laid aside her usually prac¬ 
tical character and decided to amuse herself f 
Mr* W. A. Lnmbom, writing at Qni Camp in southern Nigeria, 
said in s, note dated September IT, U41, that he had now found an¬ 
other kind of lyeamld larva, perhaps $/might ii^nsorting 

with uphills or tiny cocoids, on the under side of leaves. He saw 
several of these butterflies near the tree in the clearing* but did not 
make outwhy they come there in the face of a strong breeze which 
is now blowing almost constantly” On October 3 be wrote that all the 
farvte were found among coccitk on a shrub in Qni clearing. Each 
larva bore a covering of gray material, which looked to him as if it 
were composed of east skins of coccids, and be thought that they 
must have eaten these or their products, for they did not eat leaves. 
He was told that the plant on which they were is a species of Vroton, 
but he rather doubted it. The larv® were all found on the under 
side of leaves and always among the coccids< 

Mr. Lam born found the larvce of this species feeding on two 
secies of coccids which were determined as Doctylofiut mrgalus 
vat\ iwtdagmcariewk and !h l&ngi&pinm* He hud repeatedly ex¬ 
amined the coccids without detecting the larva;, and it was only his 
attempt to find a particularly large coccid for examination that led 
him to turn one over and to discover it to he lepidoptcrum* 

The larva of this species did not strike him as being much larger 
than the coccids on which they feed* for they are rather flattened and 
usually nestle up closely to the masses of coccids under what appears 
to l>e a common covering of shed cuticles* etc. It is sometimes really 
finite difficult to distinguish them. The core ids are so closely packed 
and so well covered that one can rarely see the form of a single in¬ 
dividual, It is quite common to see tiny coccuta wandering in the 
material on the hack of the larvae 
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FXNTSECA tabquikiuh 

Occurrence and habits.— This curious little butterfly lias a very 
wide range, occurring from Nora Scotia, Quebec, and Ontario south¬ 
ward to northern Florida and the Gulf coast of Louisiana and west¬ 
ward to Texas aud the Becky Mountniiu. I’rof. C. V* Kiley said 
that it is also found in Asia, but this is an error. 

It is very local and consequently is seldom taken in general collect¬ 
ing, but once its favorite haunts have been discovered it is easily 
secured in quantity. 

Although collecting butterflies in Newtonville, Mass-, aud in the 
surrounding region, and about my summer borne in Manchester, 
Muss., from IKK) Until llKX) 1 never found it. In 1010, however. 1 
cutight one in my front yard, the first 1 ever saw alive. In 1928 1 
made a special search for it and located nine thriving colonies in 
Newton (l), Newton Center (1), Newtonville (4), Auburndale (1), 
and Weston (2), All of these colonies were singularly similar. 
They were all centered on the woolly plant louse of the alder 
{Scbkonemra tesudlata), and in all cases the alders were growing 
close to running water in small meadows with wooded hills about 
diem. 

In |»24 1 found a colony in Essex, Mass., on the main road from 
Manchester just beyond the Manchester town line. This was a year 
in w hich i '<ntn.ua mrt/ui was exceedingly abundant, and consequently 
was a year for other butterflies. It was exceptionally dry, and 
the aphids did not thrive. The few aphid colonics found in Essex 
and in Manchester did not seem to grow, and except for one were 
quite neglected hy the butterflies. Three of the four colonies in 
Newtonville were revisited. Aphids were very few, and there were 
no traces whatever of the butterflies or of tlieir Inrviv, though in 
the year preceding about 100 examples of all stages had been taken 
from them without apparently »f all diminishing their numbers, 

fn 1S25 the colony In Essex found in L024 numbered about as 
tnanv caterpillars as in the year preceding, and eaterpiliars were 
found in other aphid colonies about a mile away which the year be¬ 
fore had yielded none. Caterpillars were also found near Gravel 
Pond in Manchester, i if the three colonies in Newtonville one was 
without caterpillars or butterflies, two butterflies were seen about 
another, which showed evidences of the ravages of caterpillura 
though none were found, and the third yielded a single caterpillar 
and showed no traces of any others. A1J three of these localities have 
now succumbed to building operations. 

This show's how uncertain is the occurrence of this insect in any 
one locality - 
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Singly butterflies fur away from alders were seen in Xewtonville, 
in a field and in the front yard of my house; in Esses in a bog; atul 
in Manchester on the tennis courts of the Essex County Club. 

Mr. S. H. Suudder wrote that this butterfly is found only in the 
neighborhood of water where alder grows, and is most frequently 
seen where mads cross some little alder-lined stream or are carried 
by an embankment over marshy ground fringed with alder bushes. 
It is consequently a very local insect, and apparently rarely wanders 
more than a few rods from its birthplace. 

In the Connecticut Valley it is recorded as being found about 
small running streams and in places protected from the wind, and 
nt Norway, Me., as “resting upon the leaves of trees aud bushes 
growing along the banks of a river.” 

Abbot said that in Gcorgiu it frequents swamps and oak woods, 
and is most frequent in Big Ogecliee swamp, 

In West Virginia Mr. W. II. Edwards found the butterfly gener¬ 
ally up the branches of the creeks in the valleys between lofty and 
abrupt bills Hying about the stones in the nearly dry beds. In one 
day, on July 4,1868, he caught no less than 24, and on this occasion 
the butterflies persisted in visiting a large stone and were so tame 
that he caught most of Ids specimens in a bottle. He acids that, so 
far as he knows, there were no alders within u mile of the point 
where the butterflies had been abundant. There were plenty of 
beeches, and he remarked that the probability is that any trees Or 
shrubs on which there is a good supply of aphids would attruct the 
females. 

In my experience this species flies with (he greatest activity and 
in the greatest numbers on hot and sunny days. It is most active 
from about 10 o’clock until about 3, when it seems suddenly to dis¬ 
appear. When at its best among the alders this is not at all an easy 
butterfly to catch. The flight is rapid, nervous, and highly irregu¬ 
lar. with frequent rests. As it dodges and skips about among the 
alder branches it suggests a small and very active satyrid of the 
Satyrodt* <sm thus type. Its flight about the exterior of the alder 
thickets has been compared to that of Orgtjia atdujm, and I have 
sometimes confused it with the mules of gypsy moths. If luidly 
frightened it flies off very rapidly in an irregular spiral, the axis of 
which commonly rises at an angle of about 3(1°. From this it would 
seem that its general habit is much like that of the species of Genjdu*. 
It is very fond of flying up and down paths through alder thickets 
or through the near-by woods. 

On three occasions I have met with this butterfly in open ground a 
very considerable distance from any alders or other source of food. 
The insects were flying slowly in a straight line a foot or so above the 
grass tops and si lowed no indin at iun to rest. All three were easily 
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taught. Their flight was wholly different from the normal flight of 
tiie species, and indeed from that of any other of our ly cum ids, but 
suggested that of the sjtecies of XpalifU). Two explanation^ suggest 
them's? Eves: First, that the butterflies had been blown away and lost 
and were trying to discover a food supply* and second, that they 
represented a special variety characterised by this unusual type of 
flight and adapted for disseminating the spec ice. The strong con¬ 
tinuous flight would seem to negative the first alternative. The 
probability is that these individuals were u travelers, ,s corresponding 
to similar individuals developed In many other species where, how¬ 
ever, they commonly show departure from the normal in color as 
well us in the type of flight. 

Mr. Scudder quotes .Mr. Emery as saying that this butterfly Is never 
to be seen about flowers, but may sometimes be seen perched upon 
the upper surface of a leaf, or, more commonly, upon a branch 
of alder among the woolly plant lice enjoying with the ants the 
honey exuding from Lheir bodies. 

I have noticed that when resting this butterfly seems tu prefer to 
sit upon Lire upper side of horizontal leaves of willows or other trees 
or bushes rather tlrnn upon the leaves of alder. When upon the alder 
leaves or stems or upon the aphids it seems to be always nervous and 
alert, ready to fly off at the slightest hint of danger. It always sits 
upon the leaves head outward, with its tail turned toward the inner 
portion of the tree or bush. 

/frood*-.—Mr. Scuddar wrote that the first brood of butterflies of 
the year appears in New England about the beginning of the last 
week in May, and continues upon the wing until after the middle of 
June. The second brood appears early in July and becomes abund¬ 
ant by the middle of the month. Search at Granby, Mass., on July 
brought to light only caterpillars in the second stage; a fresh 
specimen and full-grown larva were taken by him as far north as 
Sudbury. Ontario, on July 13, showing that even there the second 
brood ap(H‘ars at this early date. Fresh specimens may be found 
during the whole of July, and rubbed ones during August. Mr. 
Fletcher found a n nidi-worn female ovipositing at Ottawa un 
August % and they continue upon the wing until the third brood 
appears, about Lin- middle of August, from which time fresh speci¬ 
mens continue to come out until the and of September. 

In the central region of its distribution there are, according to Mr. 
betidder, probably four broods. Mr. Edwards recognized three in 
West \ irginbi, one from April IT to May 5, Lite second from June 
I t to July 4 (on this latter date lie took 24 in l$CW anil saw lar^y 
numbers more), and a third the last of July, Mr. Scudder nutty 
tliat when compared with the history farther north and considering 
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the longer season in the south this must indicate u fourth brood nor. 
observed by Mr. Edwards, who mentioned that bo had received 
caterpillars from Washington* D* C., as late as October 4 Mr. 
Scudder surmised that it is probable that there is an added brood in 
ilia south, for Abbot records a caterpillar in Georgia ua changing to 
Li chrysalis on April 14, which indicates a parent on the wing in 
March, at die opening of the spring, and so un entire brood in ad¬ 
vance of the valleys of West Virginia. 

As remarked by Mr. Sc udder* the winter is probably passed in the 
chrysalis, but it is not impossible, its conjectural by Mm, that it may 
■Iso winter as a butterfly, for buttered specimens have been taken 
on the w ing very early in the year before the complete unfolding of 
the leaved 

— The female butterfly, as olMserved by Miss Morton, 
flutters about and finally settles on the aphids, carefully selects a 
place in the midst of them, and deposits an egg, always on Lhc under¬ 
side of the twig, Mr. Fletcher con finned this observation, and 
noticed that the female rims all over the dusters of aphids with a 
twitching walk something like a wasp. 

While the eggs are usually deposited in the mas of aphids, both 
Miss Morton and Mr, Fletcher noticed that they are sometimes laid 
on the bark near the aphids and occasionally on adjacent leaves. 

I have w atched two females placing eggs on the bark on the under 
side of the twigs just below the aphid clusters, an inch or so away. 
In these instances the exudation from the aphids was so very copious 
lhat T imagine the butterfly was deterred from alighting upon them. 
In both cases the females fluttered close to the patches for some 
minutes before suddenly alighting just beneath them. 

eggs ore easily found by brushing oil the aphids from 
the branch. There may be a dozen or more in a single colony of 
aphids, but in that event they are probably laid by several females. 
Miss Morton saw two females lay three or four eggs, and from one to 
four caterpillars of the same arm is the usual complement for each 
aphid colony cm alder. But later in the summer where (he butter* 
flies are common there may be a dozen or so caterpillars of all sizes 
from the very smallest to the fully grown in a large duster. 

As described by Mr. Seuddei the eggs, which are much flattened 
and twice ns broad as high, are faint green, almost colorless, and 
glistening* During deposition they are covered with a thin 
albuminous deposit which makes it difficult loget any proper view of 
their texture. Their surface is smooth and glistening, though still 
very faintly punetuhte, broken up by very slight, slender, and equal 
rounded elevations into polygonal colls the height of which is a little 
greater than the width. They are very different from the usual type 
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of eggs III ill by tile Lycoenidee, which are covered with ah e Initiate 
and conspicuous I ace work, or arc much sculptured, 

TAa first larval stage ,—The eggs hatch in three or four days. The 
young cuier pillars in the first stage, are very different looking 
creatures from the fully grown. They are of u slightly greenish 
white with the head and legs more hrownish| cylindrical* with 
the segments slightly swollen, and the head as broad as the body, 
obovoirf, but produced at the mandibles. The hairs, which are as long 
us throe segments, are disposed, as remarked by Edwards, very much 
as in some of the iiymphalids t sav P&lggmtta Or Phytitodtix. 

As described by Edwards the young larva pushes its way under tin- 
large aphids, or in the case of such as are found on the plum and 
willow among them, and immediately begins to spin fur itself a 
loose web, not close enough to conceal it from view were the aphids 
away, hut sufficient to keep the aphids from walking over the body 
and to protect it when the molt is approaching and the skin is sensi¬ 
tive. The web seems to be just about the length of the larval hairs 
front the body. The aphids may be seen running over it, and often 
get their legs fast in the meshes anil are very apt to be devoured as a 
consequence. 

The wx&nd larral stage r T he first stage lastt about two days, when 
the little caterpillar molls. After this first molt the body is not so 
cylindrical, being somew hat fhttened on the back and broadest in the 
middle. As described by Scudder the body is pale mouse brown, 
the hairs and pap ill 10 black. The hairs arc nearly us long a# the 
width of the body at tlm extremities, slightly cum d T and tapering 
with extreme regularity to the finest possible [Joint. They arc mostly 
arranged in a single somewhat sinuate and not entirely regular 
transverse series a little in front of the middle of each segment. 
Edwards describes the hairs at this stage as numerous, disposed in 
six rows, two subdorsal, one along the middle of each side, and one 
along the has of each side. They stand not in tufts, but in group; 
which spring from low tuberculous swellings. The hairs along the 
lower edge of the side- point downward and fringe the body. 

The length of the caterpillar has increased from li) mm, the 
length on hatching* to 5 mm. It still remains within the loose web 
underneath the aphids, hut its presence con now he detected by a 
slight elevation in the otherwise uni form cylinder of aphids about 
the alder stem. 

In the first two stages the caterpillars eat the aphids from under¬ 
neath, burying their [math completely in the aphids body. The long 
hairs on their Upper surface entangle the woolly secretions of the 
aphids so that the little caterpillars appear as if covered with flour. 


C Ah NITOBGUB B U TTEBFLFES—< 1 LAttK 


497 


Miss Morton said [hat whan these caterpillars molt they come out 
bright and dean, but by the time they crawl their own length they are 
again stuck over with wool, and this is the ease until pupation* 

The third It!mil sfvyt:. —After the httcond molt* which takes place 
about two days after the first, the body becomes higher and broader 
in the middle, and the hairs become more numerous. The feet and 
legit are not retractile* Tim head is more covered by the first seg¬ 
ment than it waHbefbtfejj but it is only slightly covered, and shat only 
along the forehead. 

The fmirth and Imt larval stag ?.—About two days after the second 
molt the third and last molt takes place. The Ihh]y\ its described 
by Seudder* te smoky pallid above with slander dorsal and latere- 
dorsal smoky brown stripes, the former more or less interrupted, and 
both more or less tinged with olivaceous, es|Heeutlly in front, where 
the thoracic segments are more or less clouded between the stripes 
with olivaceous; mom or less marked with pallid or whitish at the 
Incisures and the posterior edge of the segments along the stigmata! 
and infraatigmatal lines. The hairs arc mingled blackish and pallid, 
giving the whole a fuzzy gray appearance. Along the sides each 
segment has three or four more or less obscured blackish dotlike 
spots, especially an anterior lalemstignmhd spot, and the fuscous 
spot in which the minute pallid ppiniclo is placed* Edwards says 
that the color of the dorsal area is pole gray, the outer edges white, 
and the side is white with a pale brown macular stripe running 
through it, and above this is an oblirpie brown bar on each segment* 
except at the extremities. In the middle of the hack there is a macu¬ 
lar brown stripe, and on the seventh-eleventh segments four brown 
rounded Spots, two in front and two behind. The subtlersal swell¬ 
ings are red-orange, or Indian red, or pinkish. There is much 
variation in individuate in all the markings, and Mr. Edwards bus- 
jjected that the species of aphis fed upon may cause variations, as 
one larva raised by him upon plum aphids was at all stages whiter 
than those on alder, and the darker markings pale. 

These caterpillars are indeed very variable* They are usually 
grayish, somewhat tinged with greenish in front* ranging from very 
light to fairly dark. The reddish markings especially vary from 
deep dull brown to bride red or pink. Sometimes there is no 
brownish or reddish color nt a1l T all the markings being gray. Oc¬ 
casionally the entire caterpillar Is of a uniform pale pink. This 
variety is very rare on alder; but my son, Austin B. J H Clark, found 
live on a patch of woolly aphids (NmprecipMlus attenuatus) on a 
stem of the carrion flower {SmUatiB h^rhurti). all of which were of 
an immaculate pink- Th e pupa? and the adults from these were of 
normal coloration* Frequently on abler the white is more or less 
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tinged ivitb pinkish, and the griiy markings become more restricted 
and fainter. Ac i\u.< ztvuic the caterpillar is H mm. in length. 

The mandibles of the fully grown caterpillars are curious in being 
scarcely tapering, and in having the rounded apical margin armed 
with four curving dawlike teeth, 

Nh* M-Hi'-n found cb' L larva? after the sevrmd molt crawling 
naked on the limb seeking for fresh supplies of fowl; *he says that 
then they again spin a web which they lease after the aphids are 
consumed. She believed that they do not spin a web after the third 
and last molt; at this stage they go about very quietly. 

Much depends. 1 believe, upon the fltice and vigor of the aphid 
colony. While the fully grown caterpillars ore often seen resting 
in the aphid colonies with the whole dorsal surface exposed, and 
usually comparatively^ sometimes entirely, free from wool so that 
their handsome markings si and out conspicuously, they may be more, 
or less embedded in the aphids; and frequently, noticing large 
humps on the surface of the aphid mass. I have dug out fully grown 
inrvaa from flimsy tunnels. Mr. Sc udder noted also that some which 
he obtained remained in the web until ready to change into the 
chrysalis. Except for those just hutched and entering the aphid 
mass I have seen none hut almost or quite fully grown caterpillars 
exposed, and I think that normally they do not leave their webs 
until they arc ready to pupate* Even though they may not make u 
covered tunnel I believe the large caterpillars normally and usually 
spin a path of silk upon the twig n> they plough their way through 
the aphid mass. 

These larger caterpillars arc very voracious, and a few of them 
will soon dean out all the aphids, in an average alder colony* Where 
they are common there are always many characteristic ragged white 
or grayish patches on the twigs composed of the dead remains 
of aphids entangled in sparsely woven silk, with ragged streamers 
of silk and dried aphid bodies depending from it. In one locality 
in Weston, Mass,. I observed a number of alder bushes upon which 
nil the numerous aphid colonies bad been quite exterminated by these 
caterpillars. 

Mr, Edwards noticed that whenever one of these caterpillars 
was removed by the forceps a thread held it to the object on which 
it was resting* He shook his largest caterpillar out of the box 
until it let out a thread up to a length of I indies. Then he held 
the box to see if the caterpillar would climb (he thread, which it 
did. in about 20 minutes. It twisted its body into u spiral and 
winrled about so fast that he could not bring the lens to hear, but 
he could see that the jaws and feet were active. 

I have never seen fully grown caterpillars do this* When dis¬ 
turbed they curl up and drop directly down. Small or medium 
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«*ed caterpillars. however, drop on a thread. and I his is ttsuul 
until they are nearly of full size. 

Miss Morton said that after the third molt the caterpillars rro 
nboiit very quickly. They crawl steadily and fairly rapidly when 
removed from (lie aphids; hut in u vigorous aphid colony they 
are extremely sluggish, and I have rarely seen them elsewhere, 

I have never observed any tendency on the part of Fcaiseca 
caterpillars to eat each other, even when scores of various sizes wore 
i■'>nfined without fend in the same snuill box. In spite of their 
delicate skin the cuter pillars are well protected by their long 
and parti ally grouped hairs, especially by those along the lower 
edges of the sides, which bend downward and prevent attacks 
from underneath. 

But while the caterpillars seem to pay no attention to each olhrr t 
my son, Hugh IT, (lark, discovered that tlioi smaller caterpillar* 
not yet fully fed eagerly devour the freshly formed pupa, These 
they attack from the under side, tearing a large ragged hole in 
them and completely devouring nil the soft parts. 

Rapidity of growth of the caterpillar*.—Vix, Edwards noted that 
the growth of these caterpillars is remarkable for its rapidity, 
scarcely more than two days between molts, and there are but 
three molls in all. There is no long interval preceding a molt 
when the larva lies helpless, and this is particularly so at "the third 
molt when the larva is fully exposed to view. He watched several 
most carefully when he anticipated the third molt, but was never 
itlile to see It, or to know precisely when it occurred He could see 
that a molt must have token place by the fresh and differently 
colored skin of the body and the enlarged head. 

Miss Morton at first experienced the same difficulty. She wrote 
on August 30. ISS6: “ Thursday morning the larva had devoured 
every aphis in the box, and I remembered seeing some red aphids 
on wild cherry near the house. These I put in until I could go 
to the swamp a mile away. When I returned, three hours after, 
three of the five larva? had molted, after eating nearly the whole 
of the 2 square inches of aphids, though there was no appearance 
of a molt when I went away." These three pupated Sunday morn¬ 
ing, three days after the third molt. 

The pupal stage .—About three days after the third molt the 
caterpillars pupate. Just where this takes place in a state of nature 
has not been satisfactorily determined. Miss Mnrtun never found 
a chrysalis, although she looked for them whenever she was in 
the swamps. Her captive larva- generally sought a leaf, but she 
thought it probable that the wild ones crawl down the stems and 
pupate among sticks or grass. 
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From the frequent occur rence of here oval patches in aphid 
colonies inhabited by ihese caterpillars and the fact that when 
fully grown they curl up and drop at the slightest touch, while if 
aphids are abundant they are never found. In my experience at 
leant, exempt in aphid colonies* I feel sure that the normal habit of 
I he caterpillars on reaching full size is to d rop to the ground and 
to pupate on any convenient support. 

I have found two pup til skins from which the butter dies had 
emerged. One of these, in Newtonville, was about 1 feet up on 
the main trunk of a large alder which hud no aphids on its 
branches; the trunk was about & inches in diameter. The head of 
the pupa was directed downward. The other, from Essex very 
near the Manchester line, was on the upper side of an alder leaf 
about a foot from the ground and directly beneath a large colony 
of aphids about G feet above it The leaf was smeared with the 
exudations from the aphids to which cast skins and 44 wool ” ad¬ 
hered. The pupa was in the inner half of the leaf and was at¬ 
tached to one of the veins near the midrib: its axis w m parallel 
to the vein and its head was directed outward toward the margin 
of the leaf- In both these eases the larva? had evidently dropped 
and thence crawled up to the supports on which they were found. 

My experience with ft dozen or so caterpillars that escaped in 
the house was quite similar to that of Mpiscs Soule and Eliot, 
They pupated anywhere, one behind a picture b feet from the 
floor; but the favorite place was on the mop board or cm chair 
or table legs from 3 to ft inches from the floor. 

As described by Mr* Sc udder the chrysalis is pallid-green be¬ 
neath, flecked with minute brown dots on the wings, legs, imd 
tongue, but not on the antenna?, and hardly at all on the abdomen, 
excepting laterally. The head and prut borax are pallid* the former 
flecked with blackish, and the latter with many brownish flecke 
next to the posterior margin* The rest of the thorax is dark 
green bh-brown above, irregularly blotched and flecked with cream - 
yellow, most conspicuously at the summit and down the interior 
base of the wings. The rest of the w ings is pal lid-green* minutely 
flecked with brown. The abdomen is also dark greenish-brown, 
the first two segments darker than the rest anti deepening to black 
laterally next to the wings, the whole irregularly flecked above 
with cream-yellow, giving a minutely mottled appearance, and at 
the aides of the globose portion and on the top of the ex pun ding 
tip predominating; particularly the lower half of the sides of the 
fourth abdominal segment are almost wholly cream-yellow, and 
those uf the .sixth and seventh heavily blotched with pi trams, There 
is a lateral series of short oblique black bars in the middle of the 
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second to seventh abdominal segments, and the tubercles and the 
median carina art! nil tipped with brownish-yell uvr. 'Hie surface 
of the body is rather coarsely and distantly punctate, with scattered, 
pellucid, dubbed hairs arising in large measure from the center of 
the pits* and but little longer than their widths. The spiracles 
arc testaceous. 

Mr* Scudrier gives the following measurements: Length, S.5 mm.; 
width at the middle of the thorax, 3.135 mm*; at the widest part 
of the nlxlornen. -1.75 mm*; of the tip of the abdomen, 2,5 min.; 
height of the thorax, 3.0 imm; of ihe abdomen, 4.2 mm,; length 
of hairs, 0.04 mm. 

As was first noticed by Miss Morton, the chrysalis of this butterfly 
shows a most curious resemblance to a monkey *s face (fig, 1), 
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Kjf^. 1-iK- A fiupa rtf tha Alter butterfi? (Mrv»lprf«*h 
FJjt 1. fJi'trt'a from ab*m vrltti the hnnl {lower) rn rl allgbilj 
rftWi Ft;?. ^ vttWi-a BbflTf wtn?ta l*lng Hilt ; FI*. 3 h 

hiwer iurCu*; itg. 4 . Hide tW, PL* a, Tin- alter fruttw- 
J ay, MtSMl ul*e i |]ib {rotofU Hrp Jjlack and bright brawnlsb 
iCiiia. Ikuwn r»>’ thf Jiutfiijr frora □ vp^linrn Iwlcted lu Wattp- 
l?dl rabrit lu tfcitf imp* pIh.i?* In ftcwtanvflV, Mum, 

Duration of the pupal utapt. — The butterfly ordinarily emerges 
in from 8 to 11 days after pupation, according to Mr. Scudder* Ed- 
wards reared a caterpillar from the egg to the pupa in 10 days. 
Allowing 3 days for the period between the laying of the egg and 
its hutching, and 8 Elays from the formation of the pupa to the 
emergence of the adult, this would give a total length of develop¬ 
ment from the egg to the adult butterfly of 21 days, or 3 weeks, a 
most extraordinarily short period. 

My experience with I his butterfly has led me to believe that while 
the duration of life from the egg to the pupa is always brief us de¬ 
scribed, the length of the pupal life is very variable. 

On August 14, 1923, at Newton villa, Moss,, about 50 caterpillars 
pupated* On August 98, IS adults emerged. A day or two after 
the first f>0 pupated all of the remainder pupated, about 50 more. 

70041—20 -33 
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By the middle of September nil but 53 had emerged. These pupa* 
were brought to Washington and from them butterflies continued 
to emerge ut irregular intervals all through the winter and spring, 
sometimes two or three a day* The last to emerge did so some time 
subsequent to July 7. on which date I left Washington. Thus from 
the same lot of pupa? doting from the middle of August, butterflies 
emerged continually up to the end of tho first week in the following 
July, for very nearly II months, the chrysalids having all been kept 
in the same box in a heal ed house. Only one chrysalis died) and that 
was less than half the normal aisie. 

In the summer of 1 !>24 the caterpillars were very scarce* Fifteen 
secured in Essex, Mass.* pupated nn and about September L These 
were brought ^ Washington about die middle of the month, and tho 
butterflies emerged at irregular intervals from December to April. 
Tho last failed to spread its wings, the one preceding did not spread 
its wings completely, and one has noL us yet (May) appeared. 

All of the butterflies which emerged in Washington differ from 
those caught or raised in Massachusetts in having the black mark¬ 
ings on the forewings more restricted, presumably through the pupse 
having been kept at a temperature above the normal for them* 

Fond of th i mterpSfor **—The large white woolly aphis of the 
it Ide r ( Sc/t i&mcu ni tcsseUata ), wh ick for ins eonspict ions snow y 
colonies, seems to be the chief and favorite food of the caterpillars 
of this little butterfly. Rut it has several times been found among 
the colonics of another aphis {Pemphigus hobtkatus) on the beech, 
and in the leaf curls of a related species (P„ fraxbifolii) on the ash. 
My older son found live in a colony oi woolly aphids (M copra- 
mpMhix uttcniiwtm) on the carrion flower (SmUax herbaceo) near ft 
heavily infested older thicket. 

The caterpillars and the pupae have l^eeti found on various plants, 
£udi as witch-hazel; but there Is no certain evidence that normally 
they live on these. 

In captivity the caterpillars will eat other kinds of aphids. Miss 
Morton found that they would eat the red aphids on wild cherry, 
Mr. Edwards put some aphids which he found on weeping willow in 
a tube with some young caterpillars* He watched for some time, 
but there w as no haste on the part of the caterpillars. He gaw one 
of them go to un aphid, nose at it, push it, and bite at it, lifting it 
partly off the leaf (the aphid being the larger of the two) and shak¬ 
ing it us a dog would shake a rat But the victim escaped and re¬ 
treated to the reverse side of the leaf and the larva rested. Next 
morning not an aphid was to be found. He obtained another small 
supply of willow aphids and presently saw a caterpillar bite one 
near the head and eat into the body so that its own head was buried, 
the aphid not resisting, not even removing its beak from the leaf* 
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After a moment the caterpillar let go and went its way* Xof find¬ 
ing more aphids on willow* he searched many trees and shrubs in 
vain* hut nt hfeat he found u young wild-plum somewhat infested 
with them and thereafter hail a moderate supply* 

lictitii&n&Uip# mth ante .—Miss Morton noted that there are four 
species of ants guarding the aphids on the alders, and she found 
fewest caterpillars among those guarded by n large kind with bltiek 
bead and abdomen and red thorax which swarms all over them for 
the sake of the exceedingly sweet liquid they exude. The ants do 
not let the caterpillars alone* biting at them furiously whenever 
they see them; but until nearly fully grown the I unm lie concealed 
under 1 the aphids with a web covering them and can not be reached 
without disturbing the aphids. 

One morning she found what she thought was a full-grown larva. 
It was resting in a fork of the bush close to a large colony of the 
aphids; but while she was wondering bow she should get it in her 
box the way was suddenly made plain by n large ant rushing at it 
and biting it furiously. 

Once she came across a place where the large black and red ants 
were in a slide of great excitement, running and biting in every di¬ 
rection, anti had probably just discovered and routed a full-grown 
larva, as a large brown spot with all the aphids cleared off showed 
itself on the limb. I believe that this Interpretation is not quite cor¬ 
rect, It is more likely that the brown spot represented the previous 
location of a fully grown larva which had finished feeding and 
dropped to the ground to pupate, and that the ants were annoyed at 
the discovery of the gap in the aphid colon}'. 

Mr. Scuddcr stocked with aphids bu alder he had planted for the 
purpose in his garden* and on duly III placet] there it caterpillar in 
the second stage. The aphids were all small, and in two large clus¬ 
ters* Tiie caterpillar moved about over the lower colony for an hour 
or more, apparently looking for a good place to push under it* and 
he observed its contact with the unU on ^0 or $G occtmian^, They 
tickled it with their amtemup and it remained at such times alrao- 
lutely quiet* generally moving off when they left in the opposite 
direction to that in which It had been touched. They offered it no 
further attack. Having to leave for on hour, be found on his return, 
just at nightfall, that the caterpillar had quitted the lower colony 
for the upper. 0 to 8 inches distant up the stem s find the same process 
was repeating with the ants there. The next morning it was found 
dead beside the colony, the outer edge of which it had eaten ami 
removed* its body bitten just in front of the middle on each side in 
two or three places. The colony was composed of individuals too 
young to burrow under, and being unable to conceal itself it had 
fallen victim to the ant-S then victoriously nursing their colony* 
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Mr. Edwards experimented amongst aphids on willow and plum, 
till small and naked species, with litres caterpillars in the second, 
third, and fourth stages that he had received from Miss Morton. 
He laid the smallest larva on a willow leaf directly by a small clus¬ 
ter of aphids at which a few 4 ants were engaged. The caterpillar 
paid no heed to the aphids, but walked past and back and forth and 
was on both sides of the leaf. The ants were somewhat Inquisitive, 
but did not trouble the caterpillar, nor were they disturbed by it 
This went on for about 15 minutes, when he removed the larva. 

He put the next sized larva (second molt) on the same leaves, 
and the ants were agitated and ran about gesticulating, but paid 
more attention io their cows tlmn to the larva. He put this larva 
on a plum leaf by a largo colony of aphids at which were a dozen 
black ants. The ants sprang at it, bit at it everywhere, especially 
trying to get a bold under the edge of the body where the surf ace 
is naked, or at the joints of the segments, or at Ihe second segment 
which, being I lent over the head, is more exposed than any other 
segment. One determined fellow* seized on the second segment and 
was hardly to be dislodged, was at last by a violent jerking of the 
head, but wounded the larva so that blood flowed. When the attack 
was at the joints the larva squirmed so as to tighten the joints just 
there* These attacks were simultaneous and by at least six ants 
at a time. The larva crawled away, and the assailants mostly 
dropped off. 

Tie then put the largest larva {third molt) amongst the same 
excited ants, anti they attacked it in the same manner, but seemed 
Enable to make an impression on it. The hairs protected the whole 
upper sfde more sufficiently. The caterpillar crawled up and down 
over the leaf, followed by some of the ants which attempted to seize 
it at every vulnerable part. But no harm was done. He repeated 
the experiment the next day and came to the conclusion that the 
willow ants were mild tempered, nnd seemed unlikely to hurt a 
larvaj hut that the black ones were fierce ami would attack when¬ 
ever they saw the enemy. 

He anggested that perhaps the butterfly avoids the fiercer ants 
and the aphid? which they guard, and, therefore, h not to be looked 
for on curtain plants. 

Though exhibiting great hostility toward the caterpillars the ants 
do not destroy Ehe eggs. The butterflies do not pay any attention 
to the ants, nor do they disturb them. 

Enrmit'x .—So far as is known this but ter fly has no parasites, and 
nothing is known to feed upon it. 

Once with a knife blade I was dislodging a fully grown cater¬ 
pillar from a mass of aphids when it was struck by a large reduviid 
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bug (Arifag cristatus) which up to that time I had not noticed. It 
dropped at once into my box apparently quite dead. Mr, diaries 
(>. Farquharson wrote that in Southern Nigeria ho saw one of the 
brown hairy moth-like caterpillars of the lichen-feeding lycttnid 
Epiiol* Aonorittf attacked and killed by a reduviid bug (Spkxlano* 
hates, sp.). 

At seriate-* of tin caterpillars .—On the alders two others insects 
are commonly found with the larvaa feeding on the aphids, and some¬ 
times a (bird. Most common is the larva of a luce-winged tly 
(II&rtJWii&nHii sp.), which is about the sine of a full-grown aphid. 
This creature has the habit of covering its back with aphid wool 
and skins so that if it remains quiet it is scarcely to Ijo distinguished 
from them. It is T however, rather active, and as the aphids are quite 
inert anything that resembles an aphid running about is to I® re¬ 
garded with suspicion. Examination with a gloss will reveal the 
two enormous mandibles characteristic of the lace wing larva. I 
have never seen this insect attack a caterpillar. 

Almost as common as the young lace wings are the grayish headiest 
and legless gruhs of a syrphid fly (Syrphw, sp.). These lie under 
the aphids, often in a web made by the caterpillars, and arc difficult 
to find. According to Miss Morton these grubs stick the wool ftom 
the aphids on their own hacks and are often difficult to detect, When 
fully grown they are. frequently naked and are then quite conspic¬ 
uous, Miss Morton relates that she watched a little caterpillar just 
out of the egg spinning a web close to and almost under a large 
syrphid grub, so she supposes that these grubs do not injure the 
caterpillars. The little caterpillar crawled under the mouth of the 
grub and over its back without the least notice being taken by it, 
Miss Morton noticed that these syrphid grubs devour the aphids far 
faster than do the caterpillars. 

The ants take not the slightest notice of the young laeewings nor 
of the syrphid grubs, even though the latter are much more destruc¬ 
tive than the caterpillars against which they display so much 
ferocity. 

Lachkocxeua hbulus 

The larva of this species is much like that of M&jatopalpiu. it 
has no glandular apparatus. Mr. Lnmborn found that although it is 
protected by coarse hairs the ants certainly treat it with more 
consideration than they show toward Megalopnlput t, and in one 
case he gained the impression that they were endeavoring to feed 
it in spite of its habit of preying on their homopteron proteges. 

The food of this species is the jassid Ossana t>L'ol6r r in every 
case found on similar food plants. 
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Mr, Laiuborn saw the first larva he discovered passing its mouth 
to and fro over tiny bomopterous brvre as if it misfit l«? obtaining 
food, and he frequently saw the anti feed it with material obtained 
from the insect larvie- An ant and a caterpillar stand in front of 
each other month to month. Soma jerky movements take place, 
the ant stroking the larva with its antenna* after the manner of an 
iJCwphylhi ant which, having stored itself with water, proceeds to 
dispense it to its fellows. 

After writing the*£? notes he speculated as to whether he might not 
have been mistaken in Lhinking that the ants fed the larvae He 
suggested that perhaps the position is reversed, and it is the larva 
lhat provides the ants with food, possibly buccal secretion Or regurg¬ 
itated materml, since it has no dorsal gland. 

When he first had the larva it did not feed, as far us lie could see, 
for 24 hours unless the ants gave it food, but it then ate a number 
of the jassids, 

lie suggested that these carnivorous larva? when they find a 
colony of food insects have to make us big a meal as they can so 
as to bo prepared against a possible tong wait before they find 
others. 

Mr, Charles 0. Fanpilmrson found a few larva; of this species, 
with a very large number of inembracids and a much larger num¬ 
ber of ants, on ;i small leguminous shrub {Vu&Ha tihita) at tho 
base of a palm. The larva** so far ns he could see. arc without 
honey glands or tubercles* They a tie rather bristly, with the head 
protected by the usual carapace. The color k a curious blend of tho 
membradd color, with additions. In appearance they reminded 1dm 
very much of certain large syrphid larvie which he hud seen eating 
aphids, and the hitter resembled bird droppings more than any¬ 
thing else. The young larvie are rather more bristly than the older 
ones, and Jess pronouncedly oiusciform. 

These larvie made no attempt to eat the mcmbiacicjs, und the rela¬ 
tion between the lynrnid Jams and the me mb roc ills was with the 
larval stage of the latter* which he saw as clearly as possible. 

The lyaenbl larvje are very sluggish in their movements, and all 
the time he remained hardly moved nn inch. Whenever a mcinbradd 
larva came near il got butij, and so did the anti. They all got bu^y r 
in the same quarter, which was the upturned retrousse end of the 
abdomen from which, at fairly rapid intervals, a short process was 
thrust out on the tip of which u clear droplet was simultaneously 
visible and Ensianianeoitslv mopped up by the most enterprising of 
the snitors, which was generally the lynenid in virtue of its .super¬ 
ior size* Along with one or two ants it tickled with ita anterior true 
legs the business end of the inemhrudd, but by lolling in a gross and 
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tin mannerly way right over the orifice it hardly gave the amt* a 
cbuca When an ant did get there first it generally shared by re¬ 
gurgitation the good thing with a fellow, and he was inclined to 
think on one or two occasions with the less gracious lyeioniiL But 
they showed no ill feeling t! the latter got there first. 

Later he saw another larva feeding on the droplet, but not on the 
mcmbmritb* But in an examination of the frass of others he found 
undoubted insect remains. 

He noted that there is n suggestion of it monkey fare in the pupa 
of this butterfly, hut lie thinks that . at a little distance oil* the effect 
is much more of the bird-dropping 1 order, in a different way from 
that of the larva, for the colors are those of brown paper and putty 
nicely blended. 

Tbicu&ma Ljib§UM 

At Moor Plantation, about 4 mites west of Ibadan, Southern 
Nigeria, Mr. Charles O- Farquharson come upon two lyvaenid larva* 
which were slowly devouring a happy family of ©occids (Lecamum 
f farquhnrsom) on a plain of Imbrk^rxu nuLcusui. They 
were dull green, onisciform, with just a hint of a white line along the 
edge of the mantle and a slightly lighter mid-dorsal Hue. There wu^ 
a gland, but Mr, Farqutmrcon could nut see any sign of tubercles, 

Mr. Laiuborn had previously found that the brv*e of the allied 
T, lucretH'iE are associated with coecid-tending ants, but did not 
think that they were carnivorous; he saw r the larva* eating the dark 
green vortex of a soft plant, but at some later stage they may, as 
suggested by Professor Poulton, have attacked the ant-tended cocci ds 
he found in tunnels in tike same stems. 

&VHMAKT 

The focal habits of all the butterflies with carnivorous caterpillars 
represent merely an extension of the intimate association with ants 
which is eminently characteristic of the family to winch they Ittdong, 
for they all feed either upon the young of ant*, upon material 
regurgitated by ant*, or upon ant-tended insects. 

In the Lycffininre the great majority of the species are vegeta¬ 
rians* but with marked carnivorous leanings as evidenced by the 
common display of cannibalism. In the genus Lycitma^ L. tm&n in 
the lust larval stage turns upon the ants which up to that lime have 
protected it in return for the honey it supplied them, Etiut devours 
their young. The larva- of L- alcon in the last stage similarly live 
on the juices of ant grubs. The ant-eating habit characteristic of the 
last stages of the caterpillars of Lyzama arum and L- (d^on passes 
into the ant-eating bibit of LipK^m^ which gives no honey in return. 
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Tin? km of r rwJema seem to Ik? at lirst vegetarian, later feeding 
on ant-tended eoccids* From this it but u step to the habits of 
FeniMCQ, Gerydm, and Ad&ugfc, the caterpillars of which 
feed all their lives on ant-tended aphids or coecids. and to those of 
LafihnGcn&ma amd Mcffalopafpmj which feed all their lives on ant- 
tended ja&uds and membr acids* 

Besides the natural transition of Ivoennls into carnivores feed¬ 
ing on ants and on ant-tended insects, there is the equally natural 
transition, seen m Eidipkyra^ into a form which induces ants to 
feed it. 

There is no doubt that when the life histories of our western and 
southwestern find especially onr tropical ly cam ids have been worked 
out other examples of carnivorous forms will come to light. 




THE POTATO OF ROMANCE AND OF REALITY ? 


By >Vir.r.iA\T K. SayVozp 


(With 12 plates] 

The early history of jSoFurcuf?! fifitfrasttm is obseurted by conllirting 
stories, many of which must be relegated to the sphere of romance. 
In the United States, this plant \s commonly called the " Irish po¬ 
tato”; but it b only n potato by analogy and Irish by adoption. 
The true or original potato is the Ip&mocu hat at a a (pi. 2) m which we 
now call £t sweet potato, 1 * a plant belonging; to the OonYolruJus or 
morning-glory family; the ^ Irish potato” l>fc!ongs to the Solas nun 
or nightshade family T of evil repute, many of who.-c members have 
jK>isonous or narcotic properties* The iuiiue potato is scarrely more 
applicable £n it than "pig* to guinea pig or “dog >f to prairie dog, 
yet this is the only name by which it is known to English-speaking 
people. The French call il il pomme tie terre,” or earth apple; the 
Spanish 41 papas,” ils original name: the Germans “ Erdapfel,” 
“Erdbime/ 1 n Grundbirne.” or “Eartoffcl,” the last word a modifi¬ 
cation of IL Tartuffel” or tniille. 

THE POTATO OF ROMANCE 

For the application of the name potato to Solanujih luherQs-u77i i as 
well as for the erroneous statements regarding its origin, the respon¬ 
sibility must be charged to John Gerard, who in 1597 figured and 
described it under the title of “Potatoes of Virginia —Baitatu Vir- 
girdana uve Virginianorwm t& Pappus His illustrations (fig. 1) 
and description show that his plant was, indeed, Sohmum tuberosum^ 
but lie follows his description with tSm statement that “it groweth 
naturally in America, where it was discovered, as reporteth C. C Ia¬ 
si us; since which time I have received roots thereof from Virginia, 
otherwise called Norembega, which growe and prosper in my gar¬ 
den, ns in their own native countries 5 To thin he adds “the In- 

* Efprtapil bj peralEiloh, nightly itrlfl|rt h fivsti Tlir? JrartiSl of tteftdltrp VoL XVJ, 
N-fi. 4, All'll. 11526, 

■ The 3 ift belt fir Ortitrpl llliu-rif of Plmutf'j?, gathered lif Jpfcii Oermpfl« dC London. 
lbi!t>:r of CHrofffMlB. p. 7SI. 1007. 
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cl i nits cull it * Pappus, 1 ,f an Assertion which would lead one to believe 
that it was thus called by the Indians of Virgini*, In reality the 
name 44 papas n was its vernacular name not in Virginia, but in 


f'l'i. 1 Tbu firnE publluhn] L3lu tCnkLfciin of ^alanjiHi tah-rtmum. TbLn uppmr*»l 
]h OeranTH llfrba! lit 1M7 umfcr lit tre iulra name jTqfqrn rirf/Jnluitff. 

NIeu" ywn MTliir, nuMttp. to wfoura Gtranl r*Jfr* h tuuj rmlm] a -Imwins 
«f t b fc» ffrcclvtt fniW riilllp d» SIttj under Um» finine /Ntptu jd^ru^MUrri 


Peru, tv hid i, as we shall see later, was its original habit at. As a 
mutter of fact, the potato did not reach Virginia for more than 
120 yeans after the publication of Gerard’s Herbal. It must have 
been Gerard's statement which led Thomas Jefferson to declare 
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that Ground potatoes** {Strfanum tuberosum) worn found in Vir¬ 
ginia when first visited by the English. * 1 

It is surprising that Jefferson should have made this mistake; 
for he may be called Virginia’s historian, and he was especially in¬ 
terested In all things pertaining to food plants and their culture. 
Still more surprising is the mistake of Schoolcmft s one of our most 
reliable authorities on the history and customs of the American 
Indians. In an official report published by the State of New York 
in 1846 he makes the following statement: h The potato was cer¬ 
tainly indigenous [to America], Sir Walter Raleigh in his efforts 
at colonization had it brought from Virgina under the original 
name of 1 OpenawgJ But none of the North American tribes are 
known to have cultivated it. They dig it up like other indigenous 
edible roots from the forest, but It has long been introduced into 
their villages and spread over the northern latitudes, far beyond 
(he present limit of Zea maize/* 1 

The persistence of erroneous stories regarding the potato Is shown 
in the following quotation from a recent standard work of refer¬ 
ence, under the heading potato, 14 commonly known ilh the 4 Irish, 
white, or round * potato,” “ It seems to have been introduced into 
Europe as early as 1365* Sir Walter Raleigh in 1585 is said to 
have brought back the potato from a new country. Recent investi¬ 
gations, however* seem to give the credit of introducing the potato 
into England to Sir Francis Drake In 1586. As Batatas Virffmmiw 
it was figured and described by Gerard in 1507- It is probable 
that these d mini stances led erroneously to giving the credit of 
introducing the potato to Raleigh instead of to Sir John Hawkins/ 5 
And farther on in the same work, where it h assumed that the po¬ 
tato is really identical with the openawk of Virginia, appears the 
following: ^The tubers of the wild >\ tuberosum, were small mid 
attracted little attention. fferiot, in his Report on Virginia, de¬ 
scribes one plant 1 with roots as large as a walnut and others much 
larger. They grow in dump soil, many hanging together* as if 
tied on ropes/ The modern potato has been bred so that the hills 
contain Four to ris tubers of uniform tuasc, weighing perhaps 2 
pounds /* n 

In a publication of more recent date appears the following: a In 
lSB5 t Hawkins found potatoes at Santa Fe dc Bogota and carried 
some thence* * * * It is quite possible that Hawkins carried 
the potato to North America in 1505, when he relieved the famine 
among the French on lhe hanks of the River May, now St. John’s, 

i Jrfft-nron'i Nyte* on VTnafdtt, in Writing" of TbartpJi" JHltredfi, B ; ^-5, IHSi, 

l SrluKiL-r^l't, II, II- CtnUa* uf th* Iroquial*. Xmt fork State I^nLEn^nti, No. 
p. la. IhHItt- 

i BalV^’a KrJfuldrd of Horticulture 5 J!7ftT, 1T7GS. ISIfL 
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Florida, hill] mailed northward towards Virginia, where, in 1584, 
Heriut describes under the name Openawk what is supposed to be 
the potato*” fl 

Now, it is quite certain that Sir John Hawkins never visited 
Santa Fe de Bogota. Had he done so he might indeed liuve en¬ 
countered Soltimmi tvbePQmTn* On referring to his original narra¬ 
tive I find that in 1565, on his first voyage, his ship, the Jeans o/ 
Lubevk^ went for water and provisions to n port called Santa F6 
on the coo-st of what is now Venezuela* There he received from 
C&rib Indiana—naked savages who slept in cotton hammocks and 
were armed with poisoned arrows— “ hennes, ptitatnea and pines,’ * 1 
The “ hennes 11 were im indigenous pheasant-like bird commonly 
called cui»seow, n which the Indians of that region still domesti¬ 
cate* The “pines” were pineapples “of the bignes of two fetes, 11 
the inside of which eateth like an apple, but is more delicious 
than any gweote apple sugared*,” The “potatoes 11 were whnt we 
now coll sweet potatoes* “the most delicate roots that may be eaten/' 
These were, after manioc (the roots from which tapioca is derived), 
the most important food staple of the Indians inhabiting the Islands 
and shores of the Caribbean Sea* a region where Sahmum .< tuber#- 
bum was quite unknown at the time of Hawkins 1 visit. Sweet pola- 
lues were encountered by Columbia and his companions imme¬ 
diately after their arrival in the New World and were highly 
esteemed, not only for (heir delicious taste but for the ease with 
which they could be propagated and their immunity from the hurri¬ 
canes which so frequently destroyed the plantations of upright 
manioc* Columbus never saw a tuber of Sofemum tuberosum^ nor 
was this plant encountered by Cortez in Mciico* 

The identity of Sir John Hmv kins' potatoes was recognized by 
Sir Joseph Ranks, who rolled attention to the fa.i t that the sweet 
potato was introduced at a very early date into the Canary Inlands 
and Spain, whence it was imported in considerable quantities into 
England long before the introduction of Solan urn tubero#umJ 

The openawk of Virginia, with which tho potato was also con- 
fused, was described in 15SS by Thomas Heriot. the historian of 
Sir Waiter Raleighs second ill-fated colony on Roanoke Island, 
who published tine first accurate account in English of North 
American Indians and their food-plants. It is quite certain that 
he never carried a tuber of Sotonum tuberwum from Virginia to 

1 ftturteTmnt i Kdlbk l-lnnt*. Edltn* by U* P, fledritk. In Ur|*nrc of lb* New York 
EiptrlflMMf Stilton, New York State DejurUnent uf Ajtrfru Itnrcv 27 tb AsnuaS U*v*rt 
VdL 2* pmrt 2, b, &40, 1&1D, * 

1 Sir J-Owpli. "An Ittanpt to AMttala lb* UihT whm C±nr pulnU* (Mdup 

|«bW»ii») wnj first lutlXKlyeiii lui.i Ur- UnUfr.1 Klncctom.'' Traced Ioil* Hart Emit □ ml 
Society Df l-cni'loU, 1 : S ~ 1 ], IfiOH. 





TTTK FDTATd-H&AFPDRD 


513 


England. His opeimwk wa s not a Sol ami m, but Ghjcine apios, a 
tuber-bearing leguminous plant not even remotely related to the 
Solanacete. 

The tubers of Glymne apim were an important fond staple of nl] 
the Indian tribes of eastern North America from the Gulf of 
Mexico to the St. Lawrence Riven By the English colonies they 
were called Indian potatoes, bog potatoes* or ground nuts. By the 
settlers of New France they were called ^chapelets,” or rosary 
roots* from their bead-like arrangements on strings. The various 
tribes of Indians bad each its vernacular name for them. u Open- 
awk,” “ openaug," ^penag,* or ^penac,"’ were their Algonquin 
names. 

Hi is name has wine down to us in a variety of forms, according 
to the orthography of early waiters. Straehey, m his account of 
the Jamestown Indians! called it ouhpimnaitk n ; according to 
Zeisberger. its Delaware name w as u hohbenac ”; Peter Kolm gives 
its diminutive form ^hopnis” (Aopeni*), which may he trans¬ 
lated w those small roots/' At the time of his visit the Swedish 
colonists still called it by its Indian name. In his description of 
the plant he says: "The roots resemble potatoes and were boiled 
by the Indians, who eat them instead of broad. So sue of the 
Swedes ul that time likewise ate this root for want of bread* 
Some of the English still eat them instead of potatoes Mr. Bar- 
tram told me that the Indians, who live farther in the country, not 
only eat these roots, which arc equal in goodness to potatoes, but 
likewise gather the peas which he in the pods of the plant and 
prepare them like common peas,”* 

In early accounts of the settlement of New England these pota¬ 
toes, colled ground nuts, were the chief reliance of the colonists in 
times of scarcity. In the personal narrative of Mrs. Mary Row¬ 
landson, the wife of a clergyman* taken captive by the Indians 
during King Philip’s War, she refers frequently to ground nuts, 
which she characterizes as the principal wild food staple of the 
Indian ^ * 1 They were eaten cither boiled, roasted, made into cakes, 
or added to broth of meal made of the bark of a tree * 11 
The Abbe Provancher u gives the Quebec name of the ground nu t 
ns penuc, without the prefix* The early missionaries of New Franc e, 

■ Knlm, Ftefsff. TmwriM iu North AmertoL Loud emu 1172, H£e Ptakutoa'l V-djurcj, 
ia .533. i$n. 

I M Tlwlr chlrl 1 heiiJ to nun's i ruL food ir.i.- gtfriinj nuis; Uloj eat aL hij mil*, nod ncvtiui. 

trtichok^ U!j- rwl*. bean* Iffllrffte wmtiM* now UNitalljr Ewtf penmjl»h 

mJ vi-raI other *w\ rwti (tniit I Jtntiw u«L”—NlffAUn of iher uptltllj »f Jlrv. 

Mji-j Ho win ml nun, wlfp «f t h-* H'V- Jn*pp& itotvlaml^EU who urn* UikctL prSdufier %bi-ci 
Tjflji ranTi'r (MabJ.j wnw di«trojrri In tin- ymr vrlLlr-n la]f btfarif. Ilk laiUnn 

CflptlTltlufi, ilj Oumur-S li- Ufiitc. p. Jill. ISbdl . 

- v Op, cltji p. J3S. 

II Pronuitbrr. Abb£ I#. Hom 15-L H&t 
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like the hitlers of New England, were obliged to resort to the roots 
when provisions were scarce. It is related that hi tlie winter of 1C 13 
Pfere Blurt I + with two companion*, went in search of them in the 
woods near Port Royal* In the narrative it is stated that the roots 
were ijuitc abundant in some localities, yet scarcely a patch could be 
found where the savages had not already Itecn digging thrui, so that 
most of tho*r they got were ruiall* “and it was necessary to work 
pretty hard io gather enough for u days living /' 12 

Ofycinr apioft of Lin me us, or Apios tuberose as it was called by 
Moench, is u twining, bcurdikr plant with alternate pinnule]}" com¬ 
pound leaves composed of five to seven leaflet* and donee raceme* of 
small purplish brown papilionaceous Slower* having n broad r&ffcxed 
standard and an incurved keck The pod is a linear, slightly curved, 
ijj any -seeded legume. The tubers* aptly described by Heriot in 1"^, 
“ are a kind of i-ihUs of round forme, some of the bigne* of walnuts, 
some far greater, which are found i n moist and inarLsli grounds grow¬ 
ing many together one by another in ropes, or as thogh they were 
fastened with a strings lining tailed ur sudden they are very good 
moate/* 4i 

In the accompanying illuslrations, Plate 3 is the photograph of 
two flowering branches turning about a grapevine (natural size), 
it was collected in a ^ nmrish f * thicket in \ irginia* July 31, 1323, by 
Mr, U. M. Freeman, of the Bureau of Plant Industry, Plate 4 L 
a dump of rootstocks from a single plant, with the tuberous swell¬ 
ings “growing one by another in ropes, or a* though they were fas¬ 
tened tpgether with n string/' It was collected in Takoma Fork, 
near Washington, 1>. t'„ November 13, 1935; by Mr. J. B. Norton. 

The con fusion between the opemiuk of Virginia and the papas, or 
Sobuivm tubi rOMW j of Peru cun be I raced to Clusius, who did not 
suggest that they were identical, but, in cl description of the potato, 
published in hi* History of Hare Phints, after calling attention to 
the tubers called "papas,” observed by Pedro de CieEa de Leon at 
Quito, be add* that those muis which Ike Virginian* called “Open- 
auk™ were apparently not very unlike them. 1 4 

Clu*iu£ w llh lefened tu by Oemrd a* though he were responsible 
for identifying the Peruvian papas with the Virginian openawk. So 

Rrt- rifTrr'. EE^mLoB. (I* 3jL Ji’lHirrltE Friinrt^ |». CIS. IflVfl. 

HS« H A bHnfr hnr) u- fvjH f! ikf UiL’ Tu'flf fi>DOdJ land *»1 Virginia ; i-f chi' cniiiu^HlIHt's 
ilirne taond and tc* be hj^hL n* we]! mrCtbiOtii Li V, am at her* tar fictuiifcl, IhUMIdr hml 
ritb^r nrcrefiirte iw* for thou* 1 that are and mb-afl h* fiLrmtLrA ttarf*: mhil of 1hn issituH!? 
pi n d cnainacTH nf tb j - natural! ImhulplULFiN, IHAnti'En-d hr thw Knp1L»h Co limy there m-aird 
in - Sir- lEU-tiafil O^mfUla KnJisht Let tin- jn * r Eiiss * , . ml thr» o-hiin;^ atul 

di rotten of tfi-* tloiMmbtft lilr WaUrr RiU^fh KoEfiftir, flte. , , + Dlrrainl to the 

J fiypii ha MU, Xrttwimi, flail WYLwllEi 'I uf tfrr arlScna, fur Lhr LftlLBhlUnjr U ti - 1 jrinnPlng 
Iberr. )Sj TIhhiuii lf"rlnt. irtrutil nf Ibo it^rrlUMd Sir a mrnMur of 

Cel i m j r jind t$u'r* ein^oyrt] Ul dipmtnlp^ 1 tn priafe*! In T^wdim, 

m " yyLbu* it'iJj rplde abslmlledi tJOr±:ttJr eg# mi I hi*, ijnn* YlralnJcnj^i OprcL&wk noml- 
hnttt. “ rami I a Mil* rtii ntn nun IflaiarlA fcsb^r qu-artui. p, LSX?C 11*01, 
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proud was Gerard of possessing this phmt that he nmsed a portrait 
of hiiia.H4.df to l)c engraved with a flowering branch of it in his hand. 
Tins portrait (pi. 1), bearing the date of 15D8. was inserted at the 
end of the preface to his celebrated work, 

Gerard’s misleading statement regarding the source of his potatoes 
lias been, discussed by several writers interested in the origin of cub 
lintel plants. It has been suggested that Ills illustration of Sola¬ 
tium iubermum may have been prepared on the Continent, like many 
of the other engravings In the Herbal, 31 and it bus even been inti¬ 
mated that he concealed tine rcid origin of his tubers in order to 
“mystify the readers of his Herlmh' 1 ■* Whatever nmy have been 
his motive, the effect of his account of Sohmum tubcrmuaK described 
and figured under the name “Battatn virginiaim,’* or Virginia pota¬ 
toes* was to fasten upon a Peruvian plant an English name already 
belonging to o very distinct species and to mi dead pooler ity into the 
belief that S m tuberosum. had been brought to England from Vir¬ 
ginia* The pomsteucc of this error lias already been noted. One 
o f the writers above referred to, unsmiling Hr riot's openawk to be 
the potato, quotes his statement that its Lubera were found in “moist 
and marisb grounds/' notwithstanding the fact that tuberosum 
will not grow in moist situations, nor do its tubers resemble those of 
(ttydn* a pirn, which u grow side by side. Like beads on n string.' 1 
Indeed there is no species of tuber-ben ring Solannm indigenous to 
eastern North America; yet the woods arc still full of Heriors 
opcmtwk. 

Among the earliest legends relating to the potato is that recorded 
in the minutes of the Royal Society of December 13, in which 
i t. h set down that Sir Robert Southwell, the president of the society t 
claimed that potatoes were brought into Ireland by Jib grandfather, 
who first had them from Sir Walter Raleigh. w This evidence,” 
says Sir Joseph Ran its, who seems to have accepted the statement 
as true, “proves not unsat is factor ily that the potato was first brought 
to England either in the year 15&0 or very anon after, and sent from 
thence to Ireland without delay by Sir Robert Southwell's ancestor, 
where it was cherished and cultivated for food before the pond 
people of England knew its value; for Gerard* who had planted it 
in kb garden in 15®7, recommends the roots to be eaten m a delicate 
d bh j not as a common fnod; 1? anti in thin Sir Joseph ad da the name 
of the root in South America b papas and in Virginia it was called 
openawk. M 

The Raleigh legend can he traced to Doctor Wright of Edinburgh; 
it belongs izi the same category with the sr.ory of George Washing- 


W_ 8. HltcTidl. Lb tic Uhf-iIi'-tht*' CJminltit. N H P| J 2ri;San, JIhji- i, i^hh, 

B, It JarfcflDfij In thr f+anlrtn-r*' OtnuLirlr, Tblrfl ^Tl«, 21 : Ifll, Mbs 1 . lO. 1^00. 
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ton and the cherry tree. In the appendix to the report of ike com¬ 
mittee of the board of agriculture concerning the culture and use 
of potatoes is the following communication dated March 14* 1705: 
“In 15S4 Sir Walter Raleigh* m celebrated for his worth, his valor, 
and bin in isf or tunes, discovered that part of America called Xorem- 
bega and by him named Virginia, Whether the admiral was ac¬ 
quainted with the potato on his first voyage or whether it was sent to 
him by Sir Thomas Grenville or Mr, Lane, the first governor of Vir¬ 
ginia. is uncertain. It is probable that he was possessed of the root 
about the year 1580- Ho is sard to have given it to his gardener, in 
Ireland, as a fine fruit from America, and which he desired him to 
plant in his Iritchen garden in lhe spring.” Then follows an alleged 
conversation between Sir Walter and his gardener, which was Inter 
attributed to Sir Francis Drake and his gardener, to be quoted 
below* 

This transfer of the honor of introducing the potato from Raleigh 
to Drake was the result of investigators, who found that Sir Walter 
had not discovered Xorembega, had never indeed been in Virginia, 
and that his unfortunate colony on Roanoke Inland had been brought 
home by Sir Francis Drake. They did not* however, establish the 
fact that Sir Francis ever had a garden in Ireland or a gardener 
in any country. There is not a particle of evidence that Sir Waiter 
ever saw a potato in America, and the only opportunity which Sir 
Francis Drake had to see one was In November* L5T8, when after 
pacing through the Straits fpf Magellan he turned northward and 
received some potatoes from the natives of Mocha, nn island in 
SS 3 JMK south latitude on the coast of Chile* From this place he 
continued northward, looting the coast towns of Chile and Peru, 
and thru “sailing along the backside of America to 43* of northerly 
latitude* 3 ’ after which lie returned to England across the Pacific and 
Indian Oceans, rounding the Cape of Good Hope, *'the fairest cape 
we saw in the whole circumference of the earth;’ 

Completing his “ renowned voyage, the second cmuimnavigation 
«f the earth*” in November, 1'SiL he was honored by a visit From his 
sovereign. Queen Elizabeth, who dined w ith him on board his ship, 
the Pdiam, but there is no record that potatoes appeared cm the bill 
of fare. Indeed, it wa_s not until eight years afterwards that he is 
alleged to have introduced the potato* 

Follow ing arc- the two legends, the second of which I have trans¬ 
lated from tiie work of a tier man clergyman, Rev. Dr. Cnrl WiL 
helm Ernst Putsche, public] a d in 1819 : 

tub HALiviun u&mm* 

Solarium the common potato of uut Holds a ad ganJen^ 

tntrodveed t>3f Sir WbUit !int--L;;h T who trough! the ravin Quito autl 

caused tlirm u> Ik* plaai rd la his own garden la Vaughn t B in Irriimil. On the 
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jftmU arriving ne maiorlfy Sir Waiters old sarde«T, availing himself of the 
privileges of IjIs fiiiujsiion. gathered some of iku fruit, nr "potato apples/* a* 
they nr*' now enlie-J, and tasted them. TOose of our renders who have on tun 
of thin pa r titular 3 J* uapilRteble and unwtiote.sonin- production wilt fool u*> 
wonder tknt ike Iru of ike old m an should Imre been rtils^L Breaking In 
oMsromoiiIouElj on Ids muster'e studies he exclaimed: " If this Is your One 
forcieti fruli, 1 would not giro it garden room* not ir " Well" salt) Sir 
Walter*" "If it Is as bad ns j«hi say, dig It up nt onre; hut if you find any 
ruutM worth liKddag »l brim* them to mtC 1 li in. perhaps, uee-dli ir. siy ihnt 
the nrats proved very well worth examining. 

TtfE DRAKE LEGEND 

The fii mo 04 English a d im ml, Fraud* llmko, deserves the credit fur the 
Intrndut [ion of Ike potato Into Europe. on bis return from Vlntlflin In 1 SS 0 
he brought LlLuiaeu tho potato with him. * * * Wishing In donustiente It 

In England, ho out only gave aonio laf the tubers to John Gerard hul also 
landed n part ef them t« his own gardener tolling him to plant tin- precUiu* 
fruit In his garden, ■ 1 * When the seed appfe Hin-ned the gardener tasted 
them and threw them away In disgust. Bringing a few of these uppity to the 
ml mini 1 F he asked sarcoid IctBy. **!> this, then, the famous frnli from Amor 
lea?" The admiral replied with feigned gravity, " Very well, If you tallere the 
I ilniit to I jo wartMefs poll It np r mots and ath before It spall* the garden," 
The gardener did a- hu wn« hid: hut to hts nrrprfu under each ptnnt he 
found a considerable number of Eubern of the same form an ihtme he hud 
lilli) In I he earth dm pRfioos spring. 

Tlmt the Ealtiigb legend was gemrally accepted ns true is shown 
by Rev. Francis MnhoDoy in his celebrated Heliqites uf Father 
Front ? the frontispiece of which represents the first plan ting of the 
jxrtato in Ireland with Sir Walter, pipe in mouth, as the central 
figure. Under the heading of u Father Prout’s Carousal,” the 
attention of Sir Walter Scott, who is represented ns a gus^t, is called 
to the potato. In handing it lu him Knapp, the mayor of Cork* 
makes the following speech: 

8 lr Walter, it kon Iwu iny dhtlugulgbed lot—a clrnmisIniH'C that imn- 
fera everlasting glory on my mayoralty—to have knd the honor of [ire^ntlng 
jea yesterday with ike freedom of the corporation of Cork, allow mi; to pre- 
sent you with our next best thing, a {Hitmo. 

Sir Walter Scott: 

[ have waived with pride ike immldtial franelilsu eleliJ I now accept with 
cf|iinl gratitude the- more tfuk-umlhit gift bonded mu In thU cnpUnt widen I 
of your happy country. 

Father Protit: 

Onr round towers, Sir Walter, ctuno from the cast, as will one day l« 
proved: hut oar t»utot* cams from the west; Pendm sent us one. and Virginia 
the other- We urn n glorfaua pco|du. Two hemispherea mlctUter to our hi*, 
lorie mulWilonN; ami If wn look hack on oar qeuieiIm, wu set drunk with 

glory. * * * 

7i304i_2C- ?a 
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Sir Walter Scott; 

I Intend writ in# a Kcimi^kat Lei which Sir Walter Httlelph n-btill be a dls- 
tUignMit-*d mul prci mla ent rha meter ; elimI I promise you the potAto shall not 
Ik 1 ffr^iUtniL. The disci j very of Hint root S* alone miibdenr to immortalize tbv 
liero who Innt bis head so mtfuatljr on Tower HIIL 

Father Front may be excused from accepting this le^ernl si^ gos¬ 
pel; for he was essentially a man of letters; hut wo line! it to have 
been accepted also by a professional horticulturist in a monograph 
on the potato, a copy of which was kindly sent me by the distin- 
guishod authority on potato diseases* Dr. Otto Appel, Dircktor dor 
Biultifjiscbeii Rriehsanstaft fiir Lund und Forst-Wirthschnf t [it Ber- 
linDnlilem. " Most assuredlyt ?T says the author* M do 1 think that 
the defendants uf Raleigh might be proud of a sprig of potato foli¬ 
age on their coat armor, as those of Appel de Kapocsang are of its 
tillers, with whirh the Austrian herald* have charged their 
shields.* 1T 

Sir Walter's fame has never been perpetuated in the manner sug¬ 
gested above. Worse than this, the credit for its introduction was 
transferred to Sir. Francis Drake and a monument to him was 
actually erected and still stands in the city of OfTrnbu rg, Baden, a 
photograph of which, received through the kindness of Doctor 
Appel T is herewith reproduced (pi. 5). 

The persistence of potato legends among literary people of rn- 
mantic temperament is not surprising. They would naturally resent 
the iconoclastic destruction of a good story; but it is remarkable that 
in very recent works dealing with agricultural history these tales 
should lie taken seriously. 1 have already referred to the account 
of the potato published in a modern cyclopedia of Horticulture. 
Following ih a quotation from a more recent work on the history 
of American agriculture under the heading “How potatoes wore 
brought to England 

s\t FraucLi Drake In lGSt-W eandacted n ptmtteal expedition to the West 
Indies. He rnii/timA wworftJ town* and idti™ ntitl beM cacti Until its reli-tmc 
wu* h>- ihe Inhabitants ciml selMd ami plundered several 

S|hitnl-l] Hlilri^. Jr'- r Himit- ren^D. either fearing capture hiy the SpauluriK 
ir lie returned In Enrope bj tlm usual roulc P or because of sickness amotip 
lil-c men n* Elilok *tmne nuEhnrlittes, he cruised np the Atlantic c*mxi to return 
l*j a more irmrilmrn mute We found the *eeond Ualclgh rolony on Etwiuofce 
Inland in a d^Utute conation amt took the ^turivore back ro England with 
him. Drake mid Unle%h wore old friend*. Rukrfgti was hue rested la 
cultura arid hint then rvwntly nnjulred a Inrsc c^mie near I'ork. in Ireland. 
|i i* n natural flupposdtlop rtiai Drake had otuaJiiE^l Ihe potaloe* from the 

i\ \ fuutaale !□ [kin. littlp Tcilunir rriJLs AE!enlliifi IP ttie fait [tint ASI|JH-1 dii KiLpnPiuUtFT 
fint »ncor-MiOd ntlthntoi f-F ihf |*otati. In AdJtrhi, Jn.'hntnin, Gftirt? W. T 

Thr putnEo: ft* nltirv, ui'f, *a*3 liljitc*ry. p. a. Dm«h'?i. ISW- 
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^jniiimnls In tla-p- Went I miles, they grow fairly wpII In the Kimintciinfluu 

MMtloiifl “ uritl jjaTe thvia to Hnk>kh mad that Raleigh kli vo thorn n trial cm 3ils 
Ireland fa mi# ns hna been so commanJj Ktatod, 

Xatwiths tending the authors theory that Drake hud obtained 
Trbh potatoes from the West Indies, he once more confuses them 
with the Virginian opeimwk, included by Ileriot in his list of foods 
of Roanoke Island, declaring that if any man is to be given credit 
for the introduction of Irish potatoes into European agriculture, 
the honor should go tu Heriot rather than to Drake or Raleigh. 1 * 

■the potato of reality 

Writers on the origin of tiiliivnied plants who for their informa¬ 
tion depend upon lire accounts of early travelers, missionaries, and 
colonic are apt Lo be mistaken in tliesr ide indication of species. 
Many of these accounts, written by persons ignorant of botanical 
relationships or the essential features by which genera and species 
may be distinguished, give little indication of the true nature of the 
plants they deembe+ Thus, as I have already shown, Heriot's ac¬ 
count of the oponauk* of which he described only the tubers and the 
habitat, caused it to be confused for more than three centuries with 
the potato. From the account of the botanist Kalin, who speaks of 
its beau-like pods* we know at once that the |limit belongs to the 
Leguminasffi. Even botanists have disputed for years the origin of 
several well-known plants, including beans* peanuts* and squashes* 
owing to the resemblance of certain species of the Old World to those 
of America* 

TESTIMONY FROM | 1 HEHISTCKBTC TOMBS 

Fortunately, for a knowledge of tha economic plants of western 
South America we do not have to turn to literature- Along the 
arid desert which forms the Pacific coast of Peru and northern 
Chile there is w succession of cemeteries in which mummies arc 
found accompanied not only by desiccated plants and plant prod¬ 
ucts, but also, in many eases, by funeral vases of terra cotta* some 
of which reprint food staples and fruits of the ancient inhabi¬ 
tants, Owing to the absence of min in this region the soil remains 
impregnated with sodium nitrate which has acted us a preservative 
of organic material, so that even in ancient refuse heaps on the 
surface as well as in the tombs, both vegetable and animal sub- 
stances have been preserved in a remarkably perfect condition. 

11 ft turn tHTD tAlfllKlltN] wJlliuuf aUJ .LuUIpI Ihiit Hulun u-iti i3|i| nut In 

tb* Wn 1 I nil 1 liiiil! thi* <**irljF purl of ihv el? b leeiUh ^iUurj% whi<n it wni nMnt^ 
in Ihe cdo u ami of Juatislfjt Inara mben iin^rn-il f mm Ireland usd Un^iltln muter 
the Dtibfl Hkf IriNh pntntow. 

•Curlff, Tilt- Ucsiniiiiigf af Apiculture in Atmtien^ pp. £1 and &*, jacn 
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Among the plant products and representations of fruits and vege¬ 
tables dug up bj the author in Peru, the mont common were maize 
and maize gods, beaus vutff&ri$) both round and kidney- 

shepcd, lima beans shaped somewhat like the 

Old World broad bean or faba, peanuts {AmcHt hypog&a) , several 
varieties uf gnashes {Cncarbita p#pp), round and crook-necked, 
smooth and warty, hard-shelled gourds (Cucurbit# Iftgenatia) used 
as containers, and—most interesting of all— S&lanum fuberomm^ the 
pa[ias of the Quiehiias, either dried or represented in terra cotta, 
sometimes as facsimiles of the original tubers, but. more often conven¬ 
tionalized in black or red pottery* 80 Dried potatoes were found by 
the author in graves at A rim on the coast of northern Chile in 1867, 
together with arrow points and llama-drivers* slings from the elevated 
plateau about Lake Titicaca* Terra cotta huacaa, or funeral vases, 
representing potatoes were most abundant in graves near Chimbote 
Dial Chepen, northern Peru. In the accompanying illustrations, Plate 
6, Figure 2 shows a collect ion of food products from pro-Columbian 
graves in the New York Museum of Natural History; Plate 7, Fig¬ 
ure 1 is a funeral vase from Chimbote representing two potatoes 
in natural colors: end Plate 7. Figures 2 and 3, show vases of 
black ware from the same Locality in the form of conventionalized 
potatoes. Sofatwm tub&rotrum can not be cultivated success fully 
at low dilations in the tropics, m that the potatoes, which were 
evidently an important food staple of the earl}' inhabitants of the 
Chimbote region, must have been brought down from the nearby 
mountains. These dried potatoes and rupresentatioiis of potatoes 
were certainly interred with the dead in pre-Columbian times* 
They are the most ancient illustrations of potato culture in exist- 
ence. 

TRUE HISTORY OF TITK POTATO 

The first published account of /Solatium tub#ro$wm is that of 
Pedro de Cieza de Leon. who. in 1539, encountered it in the upper 
Cuuea valley between Popayau and Paste, in what is now Colombia, 
and afterward at Quito, now the capital city of Ecuador* At that 
lime he passed through villages so high above sea level that maize 
would not grow in their vicinity, whore the principal food crops 
mentioned by hltn were papas and quincra (the minute seeds of 
Vhen&podium both of which are still the most important 

fnoils of the mountains and elevated plateau of western South 
America. 

In his Chronica del Pcm, a journal written from night to night 
w hile his comrades were sleeping, Cieza de Leon describes the papas 

»Sm gtoffunt W, 11 Fta>4 pUnti ami ffltfl** «f wuclrat Atmrien, \n Pn>t™UTi£i uf 
ih*‘ U*ih lPtsra*tli™i tofiireii Of Afcif jrlcalilpU. 12-30, IU1?. 
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ns kind of ground nut, which when boiled becomes ns soft as a 
cooked chestnut, but which Is ns no thicker skin than a truffle.” After¬ 
wards, in writing of the elevated Col I no region, lie speaks of it in 
greater detail. The inhabitants of Lhat part of the world live in 
villages surrounded by cultivated fields: ‘ Their principal sustenance 
is papas, which, as 1 have already stated in this history, are like 
tor tuns de tierra. These they dry in the sun and keep from one 
harvest to the other. And they trail this pupa, after it is dried, 
‘chimo,* and among them it is esteemed and held precious; for they 
have no ditches like many others in this kingdom to irrigate their 
holds, and if there is a dearth of natural water to make their crops 
grow they suffer from lock of food and work unless they are pro¬ 
vided with thin sustenance of dried papas. And many Spaniards 
have become rich and returned to Spain prosperous only from 
carrying chuiio to sell to the mines of Potosi. w » 

Cteza also describes the great sandy desert along the Pacific coast 
traversed at intervals by ribbons of verdure, where streams from 
the Andes make their way seaward, not always, however, reaching 
their destination, In this region he was much Impressed by the 
numerous cemeteries to which I have already referred, and by the 
vestiges of cultivated fields which, even ut that early time, had long 
been abandoned, and whose ancient tillers were sleeping in the 
adjacent, tombs. 

t* testa's Chronica, first published in folio at Seville in 1533, was 
followed the next year by a small she edition printed at Antwerp by 
lhe famous publisher Jan Steelt* and by a third, in Italian, printed 
at Home in 15D5. It was eagerly read as the first authentic account 
of South America. 

Pudre Jose do Acosta, a Jesuit missionary, who was in South 
America from 1371-1576, was the next author to treat of the Peru¬ 
vian papas which he observed in their original habitat. After writ- 
mg of yuca or manioc in his account of the edible roots of the 
New World, he says: u in the elevated region of the Sierra of Peru 
and the provinces which they call the Collno, composing the greater 
part of that kingdom, where the climate is so cold and dry "that it 
will not permit the cultivation of wheat or maize, the Indians tuso 
another kind of roots which they call 1 pappasv a kind of tumms 
do tierra that send up scant foliage (echan arriba una poqmlla hoja). 
These pappas Lhoy collect and leave in the sun to dry well, and 
breaking them they make what they call ' ehunyo * whiJh will keep 
for food in that form many days and serves them for bread: and 
of this ehunyo there is great commerce in that kingdom with the 

” Ti njnialti OH I‘mi—Itrrfia p,,* v«Jr a ,(.• On ,| r Lmo. Ant- 

wer|> h = 1 3 J i lou, p. 2,43. 1 C-S-l_ 
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tallies of Foiori* Pappus also eaten fresh either Smiled nr 
roosted; Juad from one «f the mildest varieties which also grown in 
warm situations they make a certain ragout or cuzuclu which they 
call MoertC Indeed, these roots are the only wealth of Lhat land, 
and when the season is favorable for the crop they (the Indians) 
are glad: for many years the roots are spoiled and frozen in the 
ground, ao great is the cold and bad climate of that region / 1 

In preparing chuho, potatoes were subjected to freezing as well 
as drying. The process is described in detail hy Padre Bemabe 
Coho, who writes ns follows: " The tubers are gathered at the begin¬ 
ning of the cold season, in May or June, spread out on the ground, 
and exposed for a period of 12 Or 15 days to the sun during the day 
and the Frost at night. At the end of this time they are somewhat 
shriveled, hut still watery* In order to get rid of the water, they 
are then tram pin! upon and then left, for 15 or 20 days longer to the 
action of the sun and frost, at length becoming tm dry anil light a> 
u «;otk. very dense and hard, and so reduced in bulk that from four 
or live fanegas of fresh tulvers there results only one fauegu of 
chunyo.-* Coho adds thatchunyo thus prepared will remain unspoiled 
for many years and that the Indians of the Collao provinces eat no 
other kind of breath fcH A choicer and more highly prized quality is 
prepared by soaking the tubers in water for about two months 
after their preliminary drying. They are then token out and dried 
in the sun once more. This quality of chunyo, which is chalky white 
within, is railed ‘moray/ From it a kind of flour, finer than wheat 
flour, is prepared by the Spanish women t who use it for starch, 
biscuit, and sweet meats of all kinds, like those confections usually 
mode with sugar and ilmonda * 1 * M 

Iti the economic herbarium of I he United States Department of 
Agriculture are specimens of chuho from ancient coast graves, and 
in various museum. 1 * uf ethnology in America and the Old World 
there are liuaras or funeral vases, representing toilers of Solmmm 
h ibtrpKvftt similar to thorn I have already described, The accom¬ 
panying illustration, Plate h T Figure I, fur which T am indebted 
to the Hon. Hiram Brigham, shows the elevated Peruvian Cnllao 
with piles of potatoes and Quichus Indians preparing rim ho exactly 
as they did at the time of the visits of Cieza de Leon, Acosta, and 
Frnlrc Cot Hh Plate 8 b an original photograph of morsy, or white 
chuho, in the United States National Museum, collected by Mr. O. F r 
Cook, of the Bureau of Plant Industry, between Sicuoni and Santa 
Rosa, on the road from Cusco to Lake Titicaca, 


« llertatrtf. LLlnlofla dri Nul’Vu Stumlv < i d,W i I : Ml . j Han, 
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POTATOES CUM3VOTED I*Y THE IXDIAKS OP SOTJTHEEK C ALL* 

In November, 1578, Sir Francis Drake encountered tubers of 
Sotmum tub+'romm in um as a fond staple by the Indians of 
southern Chile, where they are still extensively cultivated, TJieir 
occurrence at sea level in this part of South America is not singular, 
for ? as all students of plant distribution well know, many species 
characteristic of the Andean vegetation thrive at altitudes lower and 
lower as they extend southward, reaching sea level in the region of 
the Chonoe Archipelago and the Strait* of Magellan* Within less 
than a decade after Drake’s visit, these tubers had Iteeome a regular 
food on Spanish ships. On March 1G* 1587, Thomas Cavendish, 
stopping at 3t* Mary Island, near Concepcion, southern Chile, found 
M Cades of straws Fdled with potato rootes, which were very gotnl to 
cat, ready made up in the storehouses for the Spaniards* against 
they should come for their tribute.- 3. At this very early date, less than 
a century after the discovery of America, Cavendish found wheat 
and barley in cultivation in southern Chile, and “Hogges and 
Hermes had also been introduced. u The Indians of this Island. 73 
said Master Francis Pretty t who wrote the narrative of the voyage* 
"are held in such shivery by them (the Spaniards) that they dare 
not eate a Henne or an Hogge themselves. Brit the Spaniards have 
made them all in that Hand Christian*. Thus wee fitted ourselves 
here with corn as much a* wee would have and as many Hogges as 
wee had salt to powder them withaL and great store of Henncs, with 
n number of Bagges of Put a hi rootes, and about 500 dried Dogge- 
KslreSj and Guinie Wheat which is called mais (by the Spaniards)/ 1 

Sailing northward, looting the coast towns as hr went. Cavendish 
captured the Strain Anna, the Spanish “admiral!/* or flagship, olf 
the eoa&t of Mexico* taking from her throe young Filipinos, “ borne 
in the Isles of Manilla”; also a Spaniard* whom he caused to be 
bung, after having been piloted by him from the Mexican coast to 
Guam and the Philippine*. The "potato rooics” he encountered in 
the latter islands were not Solatium* £uh$rwuml but sweet potatoes, 
Ipvmoea bat&ta# % easily recognizable by their Aztec name, 14 Cainote” 
which had accompanied them from Mexico, and which they still 
bear in those islands/* 

Cavendish* like Drake, returned to England around the Cape of 
Good Hope, Whether he brought back potatoes with him is nut 
known* but it iKijiike certain that it was not he who introduced them 

■Omutcp. of pwe*l potato*-*, aru lh« principal food crop uf Mpc hlll-tril** qf Bottom 
Union, wllftfV they nr* rfcirHNlvcljF rttltlntiNl i>o trmicvd MNM'ltrv |c |* dftdnrttl bj lb* 
PiaElrttt IhnE thAr TaUh'T* ilwi v* piNfiwI 
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into Europe for ho arrived at Plymouth the flth of September, 
lo8$ t anti more than eight months before this, on January 26, ISfifl, 
Charles de UEcluse, or Carolus Clusius, at that time in charge of 
the botanical gardens of Rudolph H, at Vienna, received from 
Philippe tie Sivry f Prefect of lions in the Belgian province of Tlab 
nuiilt, two potato tubers which ho planted in his garden. These had 
been sent to de SiTry by an attach^ of the papal legation, who had 
them from Italy, where they had been in cultivation since about 
15S5L The year following de fijjyry sent to Clusim an excellent col¬ 
ored drawing, now in the Hantin-Moretua Museum at Antwerp, 
which bears the following inscription in the handwriting of Clusrius: 

Turn l-Eiufti a I'hllljipo de Slvry acctptom Vienna# Janunrll liSSS.—Ftipfttf 
iVruumrai Petri Circae. 

Tins drawing is reproduced in the accompanidag illustration (pi. 
0). Its accuracy is shown by comparing it with plate 10, an original 
photograph of a specimen in the economic herbarium of the United 
States Department of Agriculture, propagated from a tuber collected 
at Oruro, Bolivia, by Mr* W. F. Wight (Mo. 415). 

At Lln a time the drawing was made an interest in the potato had 
been awakened by the appearance of Acosta's account of the New 
World, puh ? -ned first at Salamanca in Latin in 1588-80, and the 
follow in ; year RL Seville in Spanish, under the title Historic Natural 
y Moral de las Indian. Acosta dedicated his work to Si La Sc Tunis* 
siiua Infanta, Dofm Isabel Clara Eugenia de Austria.” 

It seems stnmge that a nourishing and easily cultivated food 
staple like the potato, to whmse excellence both Ciezn and Acosta had 
railed attention, should have to wait so long for recognition. Other 
cultivated plants of the New World, like maize, beano, and tobacco, 
became widely spread in a remarkably short time after the discovery 
of America „ 

The exact date of its Introduction into Europe is nnt known. It 
was* however, undoubtedly carried thither from Pern as a carious 
food of the New World, possibly by the same Spaniards who, accord¬ 
ing to Clem, returned to Spain attar having grow n rich by carrying 
eh unci to Ihu mines of Potash 

Owing to CluHiufi* delay in publishing bis data, be was anticipated 
by Gerard, who was indebted to him for information regarding the 
potato, os be himself states in bis HerbaL It was not Gerard" who 
gave to the potato its accepted botanical name, but Kaspar Bnubin t 
w bo f in 15M, described it accurately under the very appropriate 
name, Sf?lQrmm iubero^um^ which Linnaeus adopted .' u 

lake Chisius, Bauhin identified it with the papas of Spanish 
America* !tb illustration was made from a specimen grown in the 

Katpur Hit u |j La, Fbytupliuii, «cu mun^rn On pluiUjiiM. flus, Hn*lL Him 
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garden of Doctor Scholtx at Breslau, in Silesia, to which I shall 
refer Inter. Chisms' description, although antedating the publica¬ 
tions of Gerard and Bauhin, did not appear until 1&30. !1 

INTRODUCTION OF T11K POTATO INTO CI1LTUHB 

b or more than a century SoJanum tuberosum continued to he 
grown as n curious exotic plant in gardens kith in England and 
on the Continent before it began to attain a reputation as a food 
staple. Its value was first recognized in Ireland, where conditions 
of soil and climate were peculiarly favorable for its propagation. 
An illustration after a painting by Francis Walker of two young 
women digging potatoes In County Donegal was published in Frank 
Matthews's Tre]and (edition of 101:2) . The surrounding landscape 
in this lovely picture (pi. II) suggests the coast islands of southern 
Chile where both Drake mul Cavendish found the potato extensive!v 
cultivated in the sixteenth century, us related in the first part of this 
paper. Not only do the Irish and Chilean habitats resemble each 
other hut the climates of the two regions are also similar; that of 
southern Chile, in licenced by the Humboldt Current which sweeps 
northward along die coast, and chat of Ireland by the beneficent 
Gulf Stream, which tempers the climate of the islands and shores 
of the western coast. 

It was the Irish peasants who first Look up the cultivation of the 
potato, and it soon became their only food crop, serving for break¬ 
fast, dinner, and supper. Their affection for it is shown by many 
pet epithets, including the “flowery potato." and the “laughing 
potato." The simplest form in which it was eaten by them was 
baked or boiled and dipped in a saucer of salted milk. Between 
meals the children were allowed to roast potatoes on their own ac¬ 
count in the turf or wood ashes. It was a common sight in passing 
a cottage to see a group of little ones run to the door, each with a 
roasted potato in his hand. While they lasted there was no dearth 
of wholesome food. When the supply was exhausted it was neces¬ 
sary to buy oatmeal, which was made into a sort of padding or thick 
porridge called “stir about.” Potatoes served as food also for the 
family pig, the dog, and a few fowls. The poor hod little else ex¬ 
cept perhaps buttermilk at breakfast and supper. If the family 
possessed a cow, there was also butter, which was used for frying 
delicious potato cakes. It was not long before the Irish learned to 
use potatoes ns a source of whisky, in the preparation of which they 
reduced the potatoes to a paste or pulp, added yeast and. after it 
hud undergone a process of fermentation, distilled it into n clear 

■* O'tUTHa ftAiiaruia pluntunuu fLiiinrl*, lib. H k p* “S^ | 80 L 
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alcoholic licfiior which was called w poteen 1 * from the small pots 
used in the process. 

From its skin they prepared a soup, and they used the water in 
which potatoes arc ladled as a curative wash for sprains and broken 
limbs. Perhaps the must delicious potato preparation of till was 
that called * partly ^ or “cahci irtmtJ 7 made from new potatoes. 
For the Irish the potato acquired an almost sacral significance, as 
the daily bread which they received in answer to their prayers* 
In certain localities it was customary at the time of planting for 
tlia parish priest to march solemnly to the field and bless it. pray¬ 
ing for a bountiful harvest. The* potato, however, was not an 
nnmixed blessing to Ireland. Though it yielded an abundant re¬ 
turn for little labor, yet the occasional failure of the crop caused 
unspeakable misery to the people, fur in their economy it Imd taken 
the place of oatmeal and a]I other foods.” 

By whom and when the potato was introduced into Ireland Is 
not definitely known, but we know that it was cultivated there ns a 
field crop before 1603, a year of dearth in Great Britain and Ireland, 
In March of that year the nitention of the Royal Society was 
called to it ns a crop of national importance by Mr. Buckland. a 
Somethudiire gentleman, and such members of the society os had 
I a ntb adapted to its culture were entreated to plant the new vegetable. 
The recommendation was reported favorably by a committee to 
whom it was referred, and Mr. Evelyn* the celeb rated practical 
gardener of lhat period, was requested to enforce the society's 
opinion in the Sylva, at. that time published under the society's 
auspices. It is evident that it found no favor with him, for in 
1664, in his Knlendarium Hortensi, the first gardener's calendar 
published in Britain, lie gives the following advice: * Plant 
potatoes in February" in your worst ground/' In 1664, before the 
Sylva appeared 5 there was published the first pamphlet advocating 
the cultivation of the potato in England. It beam the follow¬ 
ing prolix title; *" England's happiness increased* or a sure and 
easv remedy against all succeeding dear years by a plantation of 
the roots culled potatoes* whereof (with the addition of wheat 
flour) excellent, good, and wholesome bread may be made every 
year* eight or nine months together, for half (he charges as formerly. 
Also* by the planting uf these roots 10*01)0 men in England and 
Wales who know not how to live or what to do to get a maintenance 
for their families, may, oil 1 acre of ground* make £30 per annum. 
Invented and published fur the good of the poorer aorta bv John 
Forster, Gent., of Flare lop, in ] lur k i nghamdi i n\ ” The author blent i- 

^ Fur nienrt of 0*1* lufopnuktliiiii I IaMe^ Irt It-mr. Md J. Quealtj, 0 f jj Jp 
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fit 1 * the potatoes miomrn ended ais Irish potatoes, declaring that 
u these? root*, although they ramie tit first from tht* Indira, yet 
prasj>er well in Ireland, ^bere them Eire whole Helds of them, from 
whence they have been brought into Wales* mid tile north parts of 
England, where thcj T likewise prosper and increase exceedingly.*' 

After recommending methods for their cultivation, Forster gives 
direction* for making potato bread* potato biscuits, potato pudding, 
potato custards, ami potato cheese cakes* He declares that in good 
ground there will be a yield of 3 or I heaped bushels per rod, for 
which no one will grudge n shilling per buaheh Treating the 
propagation of potatoes as n political measure, he earnestly recom¬ 
mends the King, Charles II, to order potatoes to be imported from 
Ireland; that every man in every parish shall grow an acre or two; 
and suggests that out of every £ftO worth grown in a parish, £5 
shall be paid as tribute to the King. 

Notwithstanding (he publication of this earnest appeal ami its 
indorsement by [hr Royal Society, the. introduction of the potato 
m a field crop was extremely slow. Before \W*J potatoes had been 
introduced into Lancashire, where they became very common. It 
was from Lancashire and Ireland that Limy were carried to the 
British West Xndira in the early part of the eighteenth century 
ami were propagated in the mountains of Jamaica under the name 
Irish potatoes* anti from Lancashire also the}' began to spread over 
England. They were mentioned slightingly in publication* early in 
the eighteenth century. Loudon and Wise, in the seventh edition 
of their " r Conipleat Gardener” published in 1710 did not even 
mention the potato, and as late a* I77u it was not known generally 
in the southwestern counties. 

In Scotland potatoes were first cultivated a* a field crop in 1780, 
but were not known in the Highlands until 1T43. Although their 
culture by the cottager* was successful they did not meet with favor 
among the higher classes while zealous Presbyterians looked at 
them askance, declaring that potatoes are not mentioned In the Bible. 
It was not until they were urged by hunger that die Scotch 
seriously took up the cultivation of the potato and became convinced 
of its excellent qualities.** 

THE POTATO IN iHUSSU AND FRANCE 

Everyone knows the story of the introduction of potato culture 
into Prussia, which Frederick the Great and hts eccentric father 
were so active in accomplishing. It has recently been told anew in 
u paper read before the second Potato Congress held Eit Breslau in 

“For murh Of EEir rnft*^iiLf in fur to 4 (Juft lo iltr Itiiruitucrlloci Vui potato 

InEu Irviujad and U™t HtiEiiJn 3 ntn indtbtod to at miHHwrvph wHIUm! ' b Tho Fotac v- Tt* 
CUI&Uto. U«-*, EUUl EELwUrfj/ 1 by Ckor^q W. JeOnm. LuaikHi, IStT. 
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October, 1623, by E« Duczek^* The important port which the 
potato has assumed in the economy of the German people is indi¬ 
cated in this article by the preliminary prayer: 4li Unscr tueglieh 
Brut, gib ims Heritor 1 —and the reverence felt for the beneficent 
autocrat is expressed at the end in a beautiful tribute to h Friderkus 
Immortalise* In preparing hk paper, Duczek had access to docu¬ 
ments in the archives at Breslau, many of them faded and yellow 
with age, in which potatoes figure under the names 41 Kartoffeln, 11 
w Tartoileln,” and the quaint hybrid combination u ErdloiIelnJ f 
Like all of his predecessors in potato literature* he begins with the 
Drake, HawJdns and He riot myths and the story of the disgruntled 
gardener—whether EaleiglTs or DrukeV T lie does not specify. 

He than goes on to tell the story of the introduction of Use potato 
into hia native province, pointing out that it was first cultivated at 
Breslau in the garden uf Dr, Laurent ills Scholtz. This celeb ruled 
garden T already referred to as the source of the potatoes used by 
Bauhin for his iUnstratiaim, was reproduced as faithfully ns possible 
ill honor of the Potato Culture Exposition of ID 13 at Breslau, The 
first active measures taken for the introduction of the potato into 
Prussia were those of ihe great Elector, Frederick William, who in 
1651 cnListed potatoes to he planted in the Berlin Lustgarten* On 
Plate 12 the Grosser Kuifuerst is shown with his consort inspecting 
the* potatoes planted by his orders. His grandson. King Frederick 
William L in his effort to foster potato culture, resorted to drastic 
steps, threatening lo cut off the noses aud ears of all who refused 
to plant them. He also decreed that they should be fed to the poor 
inmates of the Berlin Chari tee and presented to the hospital a piece 
of land to be used solely for their cultivation; but the real credit for 
promoting potato culture in Prussia* especially in Silesia and Pom¬ 
erania, mast !m? awarded to his illustrious son* Frederick the Great. 
In the year 1744, Frederick II mused seed potatoes to be gratui¬ 
tously distributed and compelled the peasants to cultivate them. Not 
only were edicts and ordinances issued, bin the local authorities were 
warned that their duties did not cease with the promulgation of the 
decrees. They were held responsible for their practical enforce¬ 
ment through the aid of the land dragoons, and were expected to 
make official reports from time to time art ting forth the condition 
of potato plantations in their districts and the zeal shown hy the 
peasants in cultivation of the crop. 

In the Breslau archives Herr Duczek found two original royal 
circulars, the first dated March 24, 1756* the second April 5 t 1757. 
both of them showing remarkable familiarity on the part of Fred- 

3&rll#rfcjrtft der liandwtrlhiicbftfrrtiJiiiiipr SctU-^Icn. Ejr^fclnuniTtnji. 27 

J&hrjpmjT. k Oi t 27, lltta, tfor tain pu&lleuituD l um Isnkium.s f* l>r. Otli* 

apjKU DirrMof rtar BloIrflHclvra R^kbuutilt Olr Lnael u. £V>nn. Win li«?Ki lift. Berlin 
DfihlffiSL; flUo for tb* tnmber of Mar, IS. 2S J.ah tciiur. 1S24. 
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crick the Grout with (he best methods of potato culture. In the 
second circular, which was published in full in the later number of 
the Breslau Zoitsehrift, the King advises that potatoes be planted 
in tho dark of the moon. He also indicates the proper time of plow* 
ing, manuring, and planting the fields, cautioning the farmers that 
if they plant small potatoes they will raise small potatoes, while 
the best results will follow from the selection of large tubers, which 
should be so cut as to leave an eye in each piece. He also instructs 
them how to keep potatoes in straw-lined pits through the winter, 
and that although potato patches do not need the same protection 
from cattle and sheep as grain fields, yet care should b« taken not 
to herd swine in their neighborhood. After digging them, at Mi¬ 
chaelmas, the hogs need no longer ho kept away, but may be allowed 
to rush in and eat their fill of the tubers left in the ground. The 
circular ends with various recipes for the preparation of potatoes 
as food for both man and beast. 

These circulars, enforced by local officials, had their effect, but 
it was famine, caused by the Silesian wars, especially the Seven 
Tears War, which established potato culture in Prussia on a firm 
basis. 

Tha introduction of potatoes into France was largely tine to the 
celebrated Antoine Auguste Pa mum tier, who, while s prisoner in 
Germany, during the Seven Years War, was fed upon potatoes and 
learned to like them. He was then serving as pharmacist in the 
Hanover army, and during his hours of captivity he conceived the 
idea of introducing potato culture on a grand scale into Ins own 
country. Potatoes had hitherto been in bad repute in France, owing 
to the attacks made upon them by physicians, who declared that they 
were poisonous and were the cause of many maladies. A set of 
colored woodcuts published in a scries of educational pictures, called 
the Serie Encyclepedique” Glut], clcs Lemons des Chose? lllustives, 1 * 
tells the story of Parmentiers success. After his return to France, 
while serving as pharmacist at the I oval ides, he entertained Ben¬ 
jamin Franklin, Lavoisier, and other distinguished guests with a 
great dinner at which the bill of fare consisted entirely of potatoes 
served Ln various ways. Yet there were still learned agronomists 
• who declared that although the potato might he a good vegetable it 
would be dangerous to introduce it, for it would ruin the soil wher¬ 
ever it was planted. Then Pai nicntier, to prove the falsity of these 
assertions, obtained from Louis XVI permission to plant potatoes 
in a piece of land called “ Los gabions,’’ notorious for its sterility. 
When in a short time the potatoes sprouted and this field, which 
hitherto had been known only as a sandy waste, assumed the appear- 
a iu;e of a blooming garden, people began to believe that Par mender 

” tfe** JouriL UeredJ E j. I 
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was right. In m'ller to forwmd hisemls, be caused his potato planta¬ 
tion to 1*5 guarded by soldiers in full uniform throughout the day, 
under the pretext of preventing doproilntionji; but at night the 
guard wa* wjthilruvvn, whdsupon a number of people, allured by the 
attraction of forbidden fruit, came secretly to steal potatoes, to 
plant them in their own gardens or to eat them. This was the very 
object which the good Parmenticr had in view. When the planta¬ 
tion at I*es Subions was In full bloom Parmenticr made a great 
Imuipiet of pot at o blossoms which he carried to Versailles ami pre¬ 
sents! to Louis XVI. The King placed one of the flowers in his 
buttonhole, and in the evening Marie Antoinette appeared with a 
cluster in her hair. This was sufficient. All the court followed the 
example of their sovereigns. In graciously accepting ParmentierV 
offering, the King said: "France will thank you stone day for hav- 
ing found bread for ihv poor,'* 

Nn statue has been creeled iti ParmentierV honor* but on his grave 
lu the re-metcry of Pvre Ltichnisc potatoes bloom cadi year, showing 
that ho has not been forgotten by die people of France* 

THE FOTATO TS KOBTtf AMERICA 

Instead of having been faten from North America to Great 
Britain and Ireland, u* set forth in the myths regarding die “Vir¬ 
ginia potato,” Satmittvi tuheroaum was lir^r brought from Ireland to 
North America* where iE ii* known u> llic ‘'Irii-h potato. This hap- 
t^ued in ITltl, when a colony of Scotch-Irish immigrants established 
w ^.-nlrnu-m nl Londonderry* Bocklngliiim County* N, th* bringing 
with them potatoes and Ihix. Haatett. in hh history of Rockingham 
County, /rives the following account of this settlement: 

TUe Jlrsi rmim rnlsei hr thi* emltrdfilB were potatoes nrnl Wax. They hail 
hreu^M thiAr aectl anil nplunlng wlieel* from Ireland and were the llrnt to 
cull iron- Ih* potato and nmnnfacttfrc 11 nun In N>w i&itgtfUid. Tlmv up|*mr 
in anvp eultlvnii-d IjkiilI In commoa Ihe Rammer after thelf arrival, nit mere ii 
k irei L known by tin* name of Ukb ^Common Field/" rtminlning abotit 
iKrnw and wituattid a few mile* wwt of the dwfcttbitf hmtse of Mr. doimthrin 
Cate, la Derry. It was imtlotibi rally a Hearing and may have Iwn na 
ulmiuiimiil planting ground nf tin* Indiana who wen* gradually retiring la 
tltH'per ^iiniiJfH of the wUrfemesa En the wilds of CnuadJU* 

A more detailed description, with perhaps a flavor of romance* is 
given by Parker in his K History ol Ijondrmderry/' Describing the 
arrival of the settlers of this town, he says: 

Ttn'r ltilrodttrod dir niEtnre *pf tbv potato, whJeli Ihuy brottElil wftti them 
from Ireland. Until llndr arrival. diln valijnblo vi^tahle, bow regarded jm 
jpnfi of the necrcHltieff of life, If not wholly unknown, was not rtlltlvalra] in 
New KnglftJul. To diurn tHdougit due- rfrallt of LUt Hit niriuH Iron to pcncml ask. 
Altluxi^li highly prlaral Iiy ibi* company of aet tiers, St was for a lung u mD } iUi 
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III tie fegttnM hj tiii’Lr EnidlNh neighbors,. u bum 1 ! two being coufddMVtJ u 
-sulkily fpr n fikiirlly. IEiie Its tpIuc jh £iknJ f« r nmn itinl for bnn si btvnnie 
at Ignjtlb more irpiwmlEy bmwd, heiiI wlio cun ituw iwHmnte tlio full ni]fdn[jij;c 
«f H* tfUltlvntiaa to ilLbs rfltiatTSf? Tliu full-mici- wcll-du then Meat™ 1 fact t.v 1IL 
Rhuw ka w little known t« the mmmanlty iu lur^e the potato muni Jmte lieen, 
A ftwv I.f Eke settlers bod tm&rod tin- winter previous ifj their e^toH^kmcnt 
here in Andover. Musa. On tuking their deportrtms from one of Ehi? fmiittle*, 
wkb whon they had rtftklcfl, they left n ffcw imtntoes fnr netfL The potato** 
were rterorilinESy |i] tin hit. mine up nntl fleiirlslutl well ; E&oofiomeri mul produced 
hnIbi B which the family mtppos.Hl were the triilt in bo eaten* *fhey eooiked the 
bnn& hi itriflos wnya \m\. run hi not uiflkii them ^inloEohle, noil prenrninced 
(hem unlit for fowl. The next spring while plinijrhinu their garden, the 
phui^b pAK*ed thrmich where the potatoes hnii in-own, ami turned Hint some of 
ifi«ot tffce, by which unmns they lUseoverwl their mE^ake. 

It is not ihe province of thin pit pur to follow the {kvolupmrjit of 
potato colt are in the United 8tm& For this the render is rofernd 
to the ad mi ruble monograpli on the potato by William Stimrt, of the 
United States Department of Agriculture, who treats of its culture, 
uses, history, and dasslficutinn. 

SEAUm itiK THU WEi Jj ANCESTOIl 

Jins the potato ever boon found growing wild? Several explorers 
Inmvo onoongtoivd what was believed to be the wild form, t "buries 
Darwin, in January, 1335, found wild potatoes growing in the 
Chonog Archipelago, southern Chile, not fnr from where cultivated 
potatoes were procured by Sir Francis Drake nml Thomas Caven¬ 
dish. Those, however, ns well ns tuber-!awing Solamtias collected 
in Peru. and the southwestern Coifed Srau-s have proved to 

in- quite distinct from Sohuutm tuberosum* Specialists who have 
devotod themselves to the study of tuber-hearing Solanums unite in 
their declaration that the true Solarium tuberosum has never tieen 
found growing wild. Dr. George Bitter, of Bremen, emphasizes 
ihc fact that the problem of the origin of our cultivated potato is still 
unsolved and that we know nothing of its original form lie fore it 
was cultivated by the Arango Indians of Chile unci the Incas of Peru. 
Both lie and Rydberg show that the so-called Satan urn tuberosum 
boreal* of our Southwest ts not a variety nf the true potato; and Mr. 
W. F. U ight, after n long journey of exploration in South America 
and careful research among specimens in herbariums of Euroiw and 
America declares Unit “ every reported occurrence of wild Sohtmun 
tuberosum that 1 have been utile to trace to n ^icdmen, cither living 
or preserved in the herbarium, has proved to be a differenl species! 
In fuel, so far ns the herbarium material is concerned, I have not 
found in any of the prinoi |wil European colled ions a single specimen 
of Solarium tuberosum collected in an iindoubtedly wild state. After 
a century and u half of intermittent collecting, there is nn botanical 
evidence that the specie* is now growing in its origin at indigenous 
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condition anywhere. * * * go far a* the number and relation¬ 

ship of the species referred to the section Tuberarium are concerned, 
the evidence is favorable to the central Andean region.’ 1 

summary 

From the evidence presented in this paper the following sum¬ 
mary may be made: 

I.'The statement that the potato was found growing in North 
America by the English colonists mid carried thence to England, 
for which Gerard is responsible, is not true; the opeiiawk of the 
Algonquin Indians with which it was confused try early writers is 
a tnbcr-benrittg climber of the bean family, the (ihjdne iipioa of 
Lmnaiuij. 

il The story of its introduction into Ireland by Sir Walter 
Raleigh is a myth invented in 1693, more than u hundred years 
after the return of his ill-fated colony from Roanoke tehind, Thu 
Drake myth which was substituted for it is equally without 
foundation. 

III, The cultivation of Solan tun htbf-ro.mm in pre-Columbian 
limes extended from southern Chile along the Andes and the high¬ 
lands of Peru and Bolivia to the mountains of Ecuador and Co¬ 
lombia, but did not reach the shore of the Caribbean .Sen. The 
"potatoes" encountered on the diore and islands of that sen by 
eurlv navigators were sweet potatoes, 

IV, It was carri>'i to Europe from Smith America by the 
Spaniards soon after lfiso, thonct to Italy, and in 1538 reached 
Charles 1'Eduse, keeper of the botanical garden at Vienna. It wus 
cultivated as it field crop in Ireland before 1963. It did not reach 
tin: United States until 1719, when it was brought from Ireland 
by immigrants who settled at. Londonderry, N. II. The Irish 
potato reached the West Indies after 1700, and was first propagated 
from seed brought from the British Isles. 

V. Dried specimens and representations of potatoes in term 
cotta found in prehistoric tombs show that excellent varieties hud 
been developed before the discovery of America, 

VI. Numerous species of tuber-bearing Solonums have been col¬ 
lected in various pa its of America both north and south of the 
equator, but Solatium ihi&crewifjt itself has never been found in its 
-vrild state. Evidence us to the place of its origin paints to the 
central Andean region where conditions of soil and climate are 
& nch that a number of plants of other families have developed 
tubers of a si mi In r nature. 


„ W. !\ Cfrrtflo* lutiwiiictJon, tml primlli™ ttilluru of tb« (xifatn, in 
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THE OHIO!**! POTATO. NOW CALLED SWEET POTATO 
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Plate 3 



The Virginia potato m openauk 
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PLATE 4 



Open auk Roots oft Ihdi ah potatoes 
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A German Monument to Drake 
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Plate 6 



I, Dfil-INO POTATOES FOR Chu !*0 
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PLATE 7 


POTATO VASES 
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Plate B 



Moray oh White Chuno 
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A Modern Potato 
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Plate rI 



Potatoes a Necessity 
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Plate 12 



HQTAT0S5 A CyPKOSITY 
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THE RELATION OF GEOGRAPHY TO TIMBER SUPPLY 1 


% W, H. C5w.TTO.KT 
Chieft I'nltsd State* Forest Kervire 


[WIUi S plciteft] 

Evilu since Hiram, King of Tyre* shipped rafts of fir find cedar 
down the Mediterranean coast to trade witli the Jews of Solomon^ 
day, timber has been an important factor in the commerce of the 
notions. Among the first exports fiom the American colonies to 
the mother country were clapboards split from the oak of Virginia, 
ship masts cut from the pine forests of New England, and pitch 
extracted from the piney woods of the South Atlantic, The prog¬ 
ress of civilization ba> been called a struggle between human wants 
and natural resources. And no part of this age dong contest has 
been more clear cut than the effort of mankind to supply its need 
for wood. 

Most of the industrially aggressive nations have lived in forested 
regions, and most of them have been liberal users of timber. The 
course of these nations in satisfying their requirements fur forest- 
grown materials has usually run through time different stages. At 
first they have cut freely from their own virgin forests as long as 
the supply lasted. Then they have cast about for what they might 
barter from their neighbors. And finally they have settled down to 
the systematic growing of wood on oil the land that could be spared 
fur the purpose, still finding it necessary or convenient in many 
cruses to Import a substantial part of their national requirements 
from other countries whose virgin forests have not yet become 
depleted or whose limber culture produces an exportable surplus. 

Man-grown timber, however, is costly, while timber stored up in 
natures imdrained warehouses is cheap. The source of supply is 
thus largely governed by tho cost of growing timber at home us com¬ 
pared with the cost of hauling it from the nearest virgin forests sstill 
available fur exploitation. In the lung run, forestry m pitted 
against transportation. 


from Eroouuilf Qcoffnph?. td. l s Xu. 1 H Mirth, IflZfl. 

70<hi— at—35 tm 





534 ANNUAL REPORT S?MITHSOKINSTITUTION, IlfiB 

The United Stulls is still in the first of these three stages. By fur 
the greater part of the wood wo use in still obtained from our ow n vir¬ 
gin forests. But the end of this supply is plainly in right. The neces¬ 
sity is fit hitiid of finding a new source of wood, either in timber 
culture on our own soil or in the forests of other countries. The 
consumption of timber in this country is so enormous that the prob¬ 
lem assumes staggering proportions. We use annually about 12,- 
000,1)00,000 cubic feet of saw-log timber, or nearly half of the quan¬ 
tity consumed in the entire world. Our use of alt forest products, 
including pulp wood, railroad ties* mine timbers, and fuel wood* ag¬ 
gregates 22 , 500 ^ 000,000 cubic feet, or about two-fifths of the yearly 
consumption irt the entire world. 

Other countries w hich have likewise exhausted their virgin forests 
have found new source?s of wood either in the practice of forestry or 
tit rough imports from their neighbors, or by combining both of these 
methods, without sudden industrial upheavals or serious timber 
famines* Their consumption of forest products has been relatively 
small: the change wit:s gradual and usually involved no great difficulty. 
Thecnnrmous ube of wood in the United States, however, and its inti¬ 
mate relation to national living standards, nianufiictur^^ind basic in¬ 
dustries like agriculture, aiming, and transportation., make our prob¬ 
lem far more serious. We must find, almost overnight, a fresh source 
of raw material sufficient to supply sixty or seventy million tons of 
forest products a nun ally. Instead of a gradual industrial evolution, 
tin; change is coming with the suddenness of an economic crisis. 

The fon^t history of the United Slater herself strikingly illus¬ 
trates the relation id geography to Limlier supply* To the Colonists 
and explorers of Lius seventeenth century, America appeared a vast* 
unbroken forest. Even after geographers hud mapped the full 
extent of the prairies and western deserts they found that nearly 
half of her total land area, or more than $20,000,000 acres T was origi¬ 
nally in forest* Although the export of timber products began in 
thii early days of the Atlantic Colonies* for several generation# the 
forest represented a barrier to settlement and migration rather than 
an economic resource. Nothing could have appeared more remote 
than a shortage of timber* About 800 , 000,000 acre* of onr original 
forest area has been cleared for cultivation and settlement, and the 
stum page removed from three-fourths of it was destroyed for lack 
of a market, * 

When the manufacture of lumber at little saw mi 11k, run by water 
power, became a fairly established industry, there was no lack of the 
finest raw material at their very doors* Lumber was moved buL veiy 
short distances and its cost was exceedingly low* In 173C pine him 
her prices in New England were commonly around $5 [*r thousand 
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board feet Between ITUP and ISM pine lumber cut on the Kennebec 
River in Maine vtm sold on the Boston market for from $10 to $14 
per thousand board feet. Slowly, very slowly, the frontier of virgin 
forest began to move beck from the enters of population, and, as the 
sawmill followed its retreat, the element of transportation entered 
into the cost of forest products. 

Up to the time of the Civil Wat, short and cheap lumber hauls, 
almost wholly by water, characterized mv timber traffic. Lumber 
or logs moved down the Atlantic coast from Maine to Boston, about 
225 tulles, from the upper Hudson to New York, not over 200 miles, 
and from ill© si lores of the Great Lakes into Buffalo and Chicago. 
The raffing of the Pennsylvania rivers rarely covered more than 
400 miles; and the bulk of the products of 44 Penn’s Woods” moved 
much shorter distances, as from Williamsport to Philadelphia. 
One or two or three dollars at the most paid Hie flight bill on a 
thousand feet, and the consumer's price wus correspondingly low. 
Even up to I0G2 the short local [shipments from Lbe Lake region 
held cargo prices on white pine boards at Chicago down to $16 
por thousand feet or less. 

The change came with I he mil road building and industrial ex* 
pansbn that followed the Civil War* Lumber manufacture ceased 
to be a village industry. It caught the spirit of u big business. M and 
rapidly forged into the lead with large organizations, tremendous 
i in pita I heat inn* and the efficient tools of quantity production. It 
reached nut with tmcqualed driving power in manufacture and 
merchandising. It taught the American people to use wood in 
prodigious and unheard-of quantities. In 1S40 the per capita 
consumption of lumber probably did not exceed 100 l>oard feet. 
By 1006 it bad become 516 board feet. Behind the sawmilb came 
the paper mills. using more and more wood until it now forms !K> 
j>er cent of their raw material. Through their energetic attack upon 
the forests another great national appetite for wood has been created* 
The per capita consumption of paper has increased five fold since 
1840. Then came the veneer plants, the distillation plants, the 
vehicle and agricultural implement factories, the makers uf rail¬ 
road tics and telegraph polos, and a hundred industrial develop* 
merits with their greater or lesser demands for limber. The ex¬ 
ploitation of virgin forests lias been a foremost contributor to the 
economic growth of the United States during the last 70 years. 

It was inevitable that our timber resources should shrink rapidly 
twfore this terriJic onslaught. The story is told in the maps show¬ 
ing the approximate extent of the virgin forests in 1620, 1850, and 
1020, The first 230 yeans of settlement and industrial expansion 
made relatively alight inroads* In the hist 70 years the depletion 
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of our timber supply has pone on apace. And as the virgin forests 
disappeared, the relation of geography to timber supply has become 
more and more pronounced. It is summed up in the cost of trans¬ 



portation from the standing tree to the user of its products- From 
ihe economic viewpoint otir forest history is a record of widening 
gaps between the consumer of lumber or paper and the source of 
his supply. 



A? long ns Maine, New York, and Pennsylvania were the fore¬ 
most lumber-producing States, lumber was cheap in the great mar- 
krtf of the country, primarily because the hauls w ere short and 
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largely by water. When the center of lumber manufacture moved 
to the Lake States in Lise eighties and nineties the era of the bos 
car as a lumber carrier began. Freight rates were long tempered 
by water transportation on the Lakes, through the Erie Canal, and 
down the Mississippi; but at that it cost $6 or $T per thousand feet 
to ship lumber a thousand miles from Saginaw to New York by 
water, or treble the old rate on Hudson River pine. As steadily as 
the more accessible virgin forests went through the hopper, the 
railroads gained ascendency in lumber traffic, the hauls lengthened, 
and the average retail prices rose from one level to another* 
During and following the nineties the pineries of the Lake States 
rapidly approached exhaustion and the center of the national sup¬ 
ply of softwood lumber shifted to the South. Hail shipments in 



excess of 750 miles and freight bills of $8 or $10 or more per thou¬ 
sand board feet became common. As southern pine gradually se^ 
cured control of the Chicago market, lumber prices advanced to 75 
or 100 per cent Iwyond the old rates fixed by water transportation 
from Michigan or Wisconsin mills* Southern lumber moved LI Oft 
miles to Pittsburgh and 1.500 miles to Boston, at freight rules 
which, since the World War, have ranged from $12.50 to $15 per 
thousand feet. Retail prices necessarily climbed to a higher level, 
but only ns a stepping stone to what bus followed as the last chap¬ 
ter in the exploitation of our virgin forests is being written. 

The virgin pineries of the South covered 130,000,000 acres and 
contained probably G^OjtKJO.tX^.OOO feet of saw timber. They formed 
one of the richest reservoirs of softwoods on the earth’s surface, and 
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for the past 30 ycara they have been the main si ay of the eastern and 
central lumber markets of the United States. But the process of 
timber depletion is running its cuiirse in the South ns it has pre¬ 
viously been run in the Lake Slates and the Alleghenies. The pro¬ 
duction of southern pine himher pass'd its peak in 1916. and the 
last great migration of American sawmills is under way—across the 
(irrat Plains tu the virgin forests of the Paul lie coast. In 11)20 over 
6110,900,000 hoard feel of western lumber was shipped to New Krig* 
land and over 1^00,000,000 feet was marketed in Illinois, Michigan, 
'Wisconsin, and Minnesota. In 1022, 33^ per cent of our entire 
lumber cut was manufactured on ihe Pacific coast as compared with 
40 per cent in the Southern Stales. Western lumber is now moving 
in a steadily increasing volume 2.000 or 8,800 miles by rail to the 



Middle West at a freight cost of $17 nr $18 jar thousand hoard feet, 
and 7,000 miles by sew and the PaUnmu Canal to northern Atlantic 
port* at u charter rate of $10 or $17 per thousand feet. Lumber 
manufactured on Pugei Sound is now, indeed, moved by steamer 
to Chesapeake Buy and rexbipped inland, past the old sawmill towns 
of the Alleghenies, ns far as Pittsburgh and Cincinnati. 

Every year the tort of transportation enters more largely into tho 
[umber hill?. paid by (hr American home builder or the American 
factory. Two-thirds of the lumber which we use is consumed in the 
Central and Eastern States. The lumber traffic in 1!>20 exceeded 
1,0$),000carloads and cost, in freight an.I charters, over $250; 000 , 000 . 
The average carload was hauled 48fi miles. Between 1014 and 192(1 
the average rail haul on In miter was lengthened by more than 80 per 
cent, and the toltil yearly freight paid on lumber shipments ul 
vatired $100,000,000. 
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These mountin'; costs for transportation underlie the rise in lum¬ 
ber prices, Costs mid profits in retail distribution tend to pyramid 
upon every increase in freight. And as the sawmills become more 
largely concentrated in distant end restricted regions, the competi¬ 
tive movement nf lumber into consuming markets is curtailed. 
Hot ail prices seldom fail to advance in response to such opportuni¬ 
ties. The story of lumber prices in a group of Minnesota towns is 
illuminating. In U1 i«r cent of their supply came from the 
]*uke States. The average freight cost was $3dJ5 per thousand feet 
anti the average selling price was $20. In 1D21 over 9:2 per mit of 
the lumber bandied in these towns came from the Pacific coast. The 
average freight bill was $1SJ2 per thousand feet anti the average 
selling price $58.58, Transportation cost had increased from 12y a 



per cent to 31 per cent of the retail price, but the m tual rest to the 
consumer, it will lie noted, luul more [ban doubled. 

In fact, the prices paid by the average user of every-day con¬ 
struction lumber the country over have more than doubled within 
the last 12 years. The very freight paid on lumber is now often 
more than its delivered price 30 years ago. Hence it is not diJHcult 
to understand why lumber prices have advanced during the last SO 
years three and s half times as rapidly as the index price bused 
upon all staple commodities. It took $510 in 1821 to buy as much 
lumber—and |merer lumber at that—as §100 bought in 1840, 

The story of the American paper industry is somewhat different 
but reflects no less dearly the extent to which our virgin forests 
have been depleted. -Paper manufacture requires exceptionally heavy 
plant investments. Hcn«S il lias not followed the retreating frontier 
of virgin forests to nearly the same extern ns have the sawmills, but 










The storm fuels of geography have largely controlled those past 
developments in our forest industries and in the cost of their wares 
to the American consumer. The true measure of timber supply is 
not quantity but availability. Sixty per cent of nil the wood that 
is left iii the United States and 75 per cent of its virgin timber lie 
west of the t treat l 1 ] a ins. whereas two-thirds of the population and 
sin even larger proportion of our agriculture und manufactures are 
east of the lircat Plains. The forests bordering the Pacific coast 
contain over a trillion feet of virgin stutupiigc. At the most, they 
will not supply our present consumption very long, but already the 
unbalanced geographical distribution of thin resource is creating 
well-nigh famine prices in ibe parts of tho United Stoles where 
forest products arc used in the largest quantities. Dependence upon 
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has remained largely concentrated in the northeastern States. As a 
consequence the raw material available un American soil lias been 
wholly unable to sustain our increasing consumption of paper. Of 
the 8,000,000 tons used in the United States in 1023, 53 per cent came 
from foreign countries in the form of pulp wood, manufactured pulp, 
or 15nished paper. Thirty-seven per cent was imported from Canada 
alone, including over 1,000,000 cords of raw pulp wood. Tire cost 
he pulp wood delivered at American plants, much of which is 
w mauled excessive distances, has probably increased even more 
rapidly than the price of lumber. In satisfying its needs for tins im¬ 
portant forest product, therefore, the United Status has already out¬ 
stripped the resources of her own virgin forests. Sire has lwen driven 
to the paper and pulp-wood markets of the world. 
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the softwood forests of Siberia ns the principal sou rev of supply 
would differ from our present situation only in degree. 

And us geography controls the cost uf the products of virgin 
forests when they reach the ultimate consumer in Massachusetts, 
Illinois, or Florida, so will geography control the substitution of 
other sources of timber supply. Most of the other countries have 
progressed from one stage to another in their source of wood more 
or less as single geographical units. lit the United States the dis¬ 
tances are so great and tho local conditions so diverse that this 
transition is bound, for some time to come, to 1 ms region til rather 
than national. We Lave already seen that, owing to the concent ra¬ 
tion of tho paper industry in the northeastern Slates, more than 
half of our consumption of wood fiber products is now drawn from 
foreign sources. And by the sumo token the exigencies of the por¬ 
tions of the country farthest removed from the dwindling frontier 
of virgin forests are driving them to a new source of wood—namely, 
the timber crop. 

Forestry is the economic competitor of transportation. As long 
113 cheap virgin stum page available at no great distance dominated 
our lumber and paper markets ihere whs no plme in the economic 
scheme of things for systematic timber growing, lint once the cost 
of transporting forest products from the nearest virgin sources 
exceeds the eo-t of growing them at home, limber culture not on]v 
becomes economically feasible but sooner or later is impelled bv 
purely commercial forces, 'l ids is just what is taking place to-duy, 
to a limited degree, in New England, New York. Pennsylvania, and 
New Jersey; and, to a still more limited degree, in the South- 
Second-growth white pine in New England, lip or 40 years old. is 
worth from $15 to $20 per thousand board feet standing in the 
woods. Setajlid-growth southern pine of the same age brlng.i from 
$S to $12 on the stump. With such returns before them and with 
timber values constantly moving upward, hard-headed business men 
realize that forestry pays. One might almost plat the process by a 
scries of geographical zones, and show that when the freight rate 
«nto any consuming region from the nearest large supply of virgin 
timber passes the $10 or $12 mark, an economic basis for timber 
cropping is afforded ami forestry slowly finds a place in the use of 
land. 

Forest conservation in the United States hitherto has been largely 
a matter of public ownership of timborland and public policies 
based not upon costs and profits but upon foresight of coming na¬ 
tional necessities. To-day it is percolating down into the counting- 
house and the directors' board room. The Illusion of Inexhaustible 
virgin forests has spent, itself. Wood .using industries recognize the 
alternatives which they face—producing their future raw material 
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or pujwing out of existence. A committee of pdlp and paper manu¬ 
facturers is studying ways and menus of perpetuating? their industry 
on American soil- A committee of turpentine and rosin producers 
is going lo France to learn the naval stores forestry of the Landes ¥ 
and how it may he applied to our .southern pineries. These arc 
signs of the times. 

The shortage of available virgin timber k growing more and 
more critical every year* It can not lie emphasized too strongly 
that the serioiumose of this problem is in proportion to our enor¬ 
mous use of wood, to our unparalleled economic and social de¬ 
pendence upon forests. To solve this problem with even meager 
success, every resource of American ingenuity and foresight must be 
employed. 



Lobe the other notions in similar plight, we must barter for all 
the timber wo ran ^ im- from our neighbors. The prospects in 
this direction, however, are not encouraging* Our present experts 
and imports ^f lundier and other forest products nearly balance. 
The imports can undoubtedly be increased somewhat, particularly 
of paper from Canada and of lumber in limited quantities from 
certain Canadian provinces and from Mexico. The luirdwwd 
forests of South America and the softwood forests of Siberia hold 
out possible sources of relief. But a number of other industrially 
aggressive nations are in the same situation m the Bailed States, 
A recent survey 3 of the principal forest resources ami wood-using 
countries of the world shows that the markets of the whole earth 
are short of raw materials for paper and construction litmlxir, and 
that the accessible supply of timber, particularly of coniferous 
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timber, is not adequate to meet (hr requirements of madam civiliza¬ 
tion. The eost of tmnK]>ottiGg Asiatic or Smith American lumber 
to the United States, added to prices at the source fixed by keen 
international competition would be well-nigh prohibitive for ordi¬ 
nary construction or industrial purx>oses. 

Nevertheless* we must get all the foreign wood that we can to 
tide over the lean years, and wc must go after it intelligently and 
systematically. Tor one thing, a thorough study should be made 
of the resources available in the hardwood forests of Central end 
South America and their utility for the replacement of our rapidly 
waning supply of native hardwoods. For another thing, it should 
be our policy in foreign trade and tariff making to encourage im¬ 
ports of timber and timl^r products The United States can ill 
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afford to place barriers around its depleted forest and hungry 

luiiilw markets. 

Undoubtedly ivc must and will learn to use (ess wood. The high 
cost of lumber has already decreased its per capita consumption in 
the United States about Hi par cent below the peak of 1006, Steel, 
cement, aiut day products have been substituted for much of iht> 
construction lumber formerly used; and ccml, oil, ami electricity 
have taken the place of much fuel wood. These substitutions arc 
increasing, as wood becomes more dear; and it is well that they 
should. On the other hand, the use of wood is constantly widening 
us the chemist and engineer discover new methods of converting 
or fashioning it fur modern requirements. Wood is now manufac¬ 
tured into grain alcohol and nrtifidid silk, even into baking powder 
and electrical conduits, Tfic Geld for wood-fiber products l< con- 
sluntly enlarging. notwithstanding tile substitution of other mu- 
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lerials and the curtailed use of wood for many of its old functions, 
the total drain upon our forests thus far has not materially les¬ 
sened. The danger lies not in reducing the use of wood where 
satisfactory substitution is possible, hut in the growing shortage 
for many essential needs for which there are no substitutes. In 
most of the industrial countries of Europe the per capita consump¬ 
tion of wood is not diminishing but increasing; and the United 
States mn not expect permanently to follow n different course if it 
is to hold its living standards anti retain its industrial leadership. 

One of the most essential constructive remedies is to reduce the 
drain upon our forests by mincing the waste in the manufacture 
and use of their products. The very abundance and cheapness of 
virgin timber in the United States has bred wasteful methods of 
logging, manufacture, and ref abr feat ion which are yielding hut 
slowly to the pressure of scant supply and high costs. The general 
application of even our present knowledge of waste elimination in 
logging, milling, and refabricating lumber, in timber preservation, 
in the conversion of wood into liber products and the like, would 
reduce the current drain upon our forests by 'id or 2a per cent. 
Am) we still have much la learn before all the possibilities of econ¬ 
omy in the use of our forests hit fathomed. The elimination of 
preventable losses from forest lived and from destructive insects and 
tree diseases would save an enormous total of useful timber. A 
cord of wood saved is equal to a card of wood grown. And one 
of the most obvious things that should be done with all possible 
dispatch is to conserve our existing timber supply to the last foot 
by research in the conversion and use of forest products on an nde- 
ijiiatc scale, accompanied by wide dissemination of its results 
through the forest industries and forest consumers. 

After everything else has been said, no solution of our forest prob¬ 
lem is possible without ihe generous glowing of trees. We must 
come, in the last analysis, as every other country treading the same 
path has come, to forestry as the necessary and economic employ¬ 
ment of much of our land. This solution is as complete as it is 
inevitable. Intensive timber culture on the 470,000,000 acres of 
forest land in ihc United State.-, timber culture on a par with that 
of Germany, France, end Scandinavia, can produce a yearly crop 
equivalent tu more than all the wood which the United State now 
consume. 1 ?. There will he a margin of 20 per cent or mure to take 
care of the greater requirements of the future. The only question 
is how quickly can this be brought to pass and how much national 
suffering must be endured Is 1 fore a perpetual supply of timber is 
assured on our own soil. National habits in the use of land mid 
its resources change slowly; and at best we must travel a slow and 
painful road before the goal is reached. 
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Underlying this whole question is one of the outstanding facts 
of the economic geography of the United .States—namely, that one- 
fourth of her soil remains to-day, after three centuries of settle¬ 
ment ami expanding agriculture, forest land. There is small pros¬ 
pect that the area available for growing trees will be reduced ma¬ 
terially, if at all, for many years to come. IVfoie the inroads of the 
farm are continuing here and there, the great tide of forest clear¬ 
ing for cultivation seems largely to have spent itself. For many 
years indeed, the abandonment of farm land in forest-growing 
regions of the older States has practically offset new clearing on the 
agricultural frontier. Farm economists prophesy that still larger 
acreages will he available for timber culture in the future than at 
present. 

Wholly aside from the need for timber, the problem of keeping 
one-fourth of the soil of the United Stales productively employed 
is one of no small urgency in the national economy. The idleness 
of cut-over land, following the migration of the sawmills, lias 
already been a widespread cause of depopulation, decline in taxable 
values, and general rural bankruptcy. In the busiest Umber manu¬ 
facturing regions of it few dees flea ago, there remains to-day fiver 
RO.OOO.OOn acres of unproductive ami unused land. No country can 
afford such wastage. 

Forestry not only is the only way to reestablish an adequate source 
of timber in the United States. It is the only way to utilize a largo 
part of her land, to maintain a vigorous rural population with in¬ 
dustries, communities, and good roads. On both counts, forestry 
should become part and parcel of our program of land use. 
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t. Young Stand of slash pine, Sliqell. Louisiana 
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THE HISTORICAL GEOGRAPHY OF EARLY JAPAN 1 


By I_!aj u. WuHtJtd Bis hod 
oi i t h*tw us a innii (u Non 


[ Wtrh 0 plJitusj 

It is ii latte r for congratulation, jn view of the steadily g rowing 
interest in the question, that the accumulation of evidence from 
various sources begins at length to throw some driuilte light on. the 
origin of the Japanese people k Much confusion has existed on this 
subject hitherto, owing mainly to the fact that the work nf investU 
gators Along different line* hud been insuffitiently collated and cor¬ 
related, while mt the same time the methods of interpretation were 
not altogether free from fault A solution of the problem is not 
to be attained by n study of conditions and events in the Japanese 
islands alone. The same causes which have brought about the 
various contacts, friendly or hostile, between Japan on the one 
hand and eastern Siberia, Korea, Shantung, and the southeastern 
Chinese littoral on the oilier, during (lie past three decades, have 
been at work without intermix ion ever since the first settlement of 
man in this portion of the globe. The developments, political, so- 
ciul, economic, whose course we have followed with such dom atten¬ 
tion during the past few years are but the latest phase of a process 
whose beginnings are lost in the darkness of prehistoric time, it is 
thither that we jntud trace them if we would arrive at anything like 
a right comprehension of the foundation upon which rests the na¬ 
tional life of Japan. 

FIRST CONTEMPOttA^Y ACCOUNTS OF THE JAPANESE PEOPLE 

Derived without exception from Chinese sources 3 are onr first 
contemporary accounts of the Japan oh people, 2,000 years ago* 
The region at that time occupied hy their various tribes embraced 
not what we think of as the Japanese islands, but only their western¬ 
most portions, together apparently with the southern end of the 

1 lltnd At ihv Filftt auxins isf \hv AmwLitkHD uf xVincrlrrAft fhsj j-Ki rn *nr} the 
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Korean peninsula and the larga island known to os as Quel pan, 
lying out in the Yellow Sea, As will bo soon, it was not until the sev¬ 
enth century of our era that the Japanese became in reality wholly 
an island people. Hence insularity was far from being the geo- 
graphical factor of most weight m their early development'. Of 
vastly greater significance was the fact that during their formative 
period they were in such close touch with the various civilized com¬ 
munities of the continent. 


PEOPLING OF THE JAPANESE I STANDS 


The effect of winds and currents was abo much slighter than is 
often claimed. The .^ail was still quite unknown in Far Eastern 
waters In those prehistoric ageo when the peopling of the Japanese 
islands was going on, so Llmt. there was no way in which the monsoons 
could e^ert any particular influence upon the course of migration/ 
And the southern element, so clearly apparent in l>nth the people 
and their culture, came not from those equatorial regions whence 
flows the Japan current but from a direction at right angles to it, 
the seaboard of China, in days before Chinese civilization had yet 
reached the coast. Those who speak of a Polynesian or a Malayan 
strain in the Japanese ignore entirely the historical aspect of the 
problem: the great Polynesian diffusion did not take place until 
long after the emergence of the Japanese people, while the Malays 
do not appear on the scene until later still.. The real effect of the 
southwest motiaoon and the warm tropical current has been a climatic 
one. To tile in it Iiils been due that the type of culture developed 
during prehLs-toric limes in the southeastern coast lands of the con¬ 
tinent could find in the southern and western portions of the Japanese 
Archipelago those conditions of warmth mid humidity requisite to its 
survival, and further development. 

Of Paleolithic man in Japan there lias so far appeared absolutely 
no trace* and it is altogether likely that the islands, together with 
the east of Asia generally, remained unpeopled until geologically 
very recent times. 

The earliest inhabitants nf Japan of whom we have any knowledge 
were the ancestors of the existing Ainu of Yezo (Hokkaido), who 
at one time occupied the ent ire archipelago, remaining in undisturbed 
possession during a period which may well have extended over 
several thousand years. 
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At length. probably far buck in the first millennium before Christ, 
if not indeed earlier still t there began a fresh invasion of the 
Japanese islands, this lime by peoples belonging to various branches 
of the great Mongoloid stock, from eastern Siberia to the south 
Chinese III ten ah with probably in the latter wise n slight Negrito 
admixture* The result of the minglings In varying proportions be- 
tween these newcomers anil their predecessors form* to this day 
the great bulk of the Japanese population. 4 

Finally, commencing not long before nur era and recurring at 
intervals for several centuries, there was a series of immigrations of 
northern Mongoloids—Chinese and Koreans in the historical sense— 
whose influence, physical but more particularly cultural, has been 
largely confined to the upper strata of Japanese society. 


THE ANCESTRAL AINU 


The first of these races, that of the ancestral Ainu* seems to have 
readied the Japanese islands in at least three successive waves* per¬ 
haps separated by long intervals of tinier Recent studies have shown 
that it was divided into several subtypes, ut least two of which appear 
to survive in the existing Ainu. That the language of this ancient 
race was essentially that still spoken by its surviving rep redout at ivm 
in th ■ island r*f Yozo is indicated by lhe fact that place names occur 
all over the Japanese islands, from end to end. and possibly even in 
the Loochoo group, which can only be explained in terms of Ainu 
speech.* 

Regarding the origin of this primitive people we arc still wholly 
1 el the dark. Some have seen in theta n kinship to the prehistoric 
European nice known as that of Furfooz-Oicnelle. Language tell* 
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us nothing; for, aside from loan words from neighboring tongues, 
tho Aina speech statute entirely isolated.* Physically there is no 
evidence of connection with the Mongoloid family, sure for such inter’ 
minglings u« have taken place in relatively recent times'. Many 
investigators have regarded the Amur region of Siberia us that from 
which this ancient race entered Japan. The fact should not be over¬ 
looked, however, that individuals of Ainu type are by no in mu ns un¬ 
known in Korea, white a possible relationship has also been suggested 
between the Ainu and the pre-Dra vidian tribes of India, or even with 
the natives of Australia, 

Perhaps we may say, in the light of all the available evidence, that 
the few thousand Ainu still remaining, as well as the related stocks 
inhabiting Japan in days prior In the advent of Mongoloid awn, 
represent tin extremely ancient generalized human type from which 
mono than one of the wavy haired and heavily bearded me a of 
Europe and southern Asia have been specialized.* 

Of the culture of the ancestral Ainu, thanks to the somewhat ex¬ 
tensive excavations of the past few years, we know considerably more 
than We do of their origin. They were already in the Neolithic 
stfige as fur back as they have liven traced. They manufactured 
polished stone implements and a highly interesting and very ornate 
type Of pottery, made, of course, without the aid of the potters 
wheel. They seem to have dt rived part of their subsistence from the 
cultivation of millet, although doubtless dependent mainly upon 
hunting, fishing, urn] various wild vegetable products. Of domestic 
animals, with the exception of the dog, they were entirely ignorant. 
In summer they lived in rough hilts and in winter in earth-cove red 
lodges constructed cither partly or wholly underground. Dwelling 
mainly on the com 1 and knowing how to make large dugoilt canoes, 
they were fearless seafarers, hunting the whale as well as smaller 
marine animate imd, in later limes, meeting the fleets of war host : 
of the invading Japanese in fiercely contested naval combats from 
which the newcomers by no means always emerged victorious. 

Of tfceir social, political, and military organization we can inter 
but little. It sc ms clear, however, that m these respects they were 
scarcely if at all behind the earlier comers of Mongolian extraction 
who settled among them; for they were able to keep the tetter pretty 
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closely confined to th<* * extreme western portions of the Japanese 
Archipelago for many centuries, it was simply and solely the 
stubborn geographical fact that the Mongoloids always had free 
access to the civilizing influences emanating from the continent, while 
the Ainu had not f that inevitably swayed the balance in favor of the 
former* and In the- long run sealed the fate of the aborigines as a 
distinct ethnic entity. 

ba it hr „m om lotoi d m vas ion * 

Wo know from various sources that southeastern Asia prior io 
the rise of the Chines civilization wa^ occupied by a rare of Mon¬ 
gol oh I stock, akin to the existing peoples of Indo-China and tn- 
doinvda* whose original culture, of el generalized Neolithic type, 
hud taken on ;i distinctly sOuLhcm and maritime aspect. That it 
wbr in contact* however, with more northern regions is shown by 
the occurrence both in Sheugtung and in Japan of the grooved 
stone ax, a tv|*e of implement found likewise in the North Pacific 
area/ The discovery again both in China and in Japan of the 
peculiarly shaped objects known in the latter country as itrfct*h&, vi-r 
“ stone clubs,” also indicate a former widespread community of 
culture, extending in this instance even to the Ainu. 

Socially* this southeastern Asiatic culture seems to have been 
characterized by descent in the female line, by seasonal mating fes¬ 
tivals, and* at least in the ruling families, by hretherand-sister 
marriage.™ The economic life, based primarily upon fishing, with 
doubtless some hunting, had been enriched before the close of the 
Neolithic period by the neipi mitten of various food plants, culti¬ 
vated with the aid of the hoc alone* Among methods of bodily 
ornamentation were blackening of the teeth and tattooing. But 
little clothing was worn, save in cold weather: azul the habit of 
promiscuous bathing, with n total indifference to bodily exposure, 
was general. No domestic animal? other than the dog and the fowl 
appear to have been known. In the absence of metals, great use 
was made of bamboo, although stone and bone were also utilized 
in various ways. Thera is some reason to believe that the spoor 
rather than the bow was the weapon most commonly in use. As 
befitted a culture essentially amphibious in type, large canoes? were 
made* each usually ornamented at the bow with the carved head 
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of a crocodile or tin alligator. 11 The religion was one of nature 
worship, with ii strongly anthropomorphic trend and a highly in¬ 
teresting body of folklore. Possibly ms n result of the inatrilinea] 
organization of societyj the principle of reproduction and growth 
received special veneration, and goddesse-s were particularly in evi¬ 
dence* Ancestor wnrship* where found at all in this area, appears 
only Into and then as u consequence of the introduction,, among the 
higher chides, of a patriarchal type of family in imitation of the 
Chinese- Practically all these culture elements are traceable in 
Japan, some of them surviving to this day, while others have dis¬ 
appeared only in comparatively recent limes. 

From the end of the promontory of Shangtnng to the correspond¬ 
ing projection on the opposite coast of Korea it is only a trifle over 
u hundred miles—a stretch of sea costly negotiable by such in¬ 
veterate sea rovers n^ were tile Neolithic comst peoples of eastern 
and southeastern Asia* The >irait between Korea and Japan is ul- 
most exactly the same distance across: and here there art* islands 
where early voyagers could conveniently break their journey. It 
seems likely for a number of reasons that tlie colonization of Japan 
by the Mongoloid peoples of the neighboring continent took place 
largely by way of Korea. Probably* however, even within , the 
Neolithic period n good deal of migration went on also directly 
across the Yellow Sea. The distance here is something under iKKJ 
miles, with the lolly island peak of Quelpart* already menttoned,, 
forming a tm Lund stepping-stone. 

This migration of peoples into Japan, to he properly understood, 
must be viewed u* a phase of that great ellrnic movement which 
brought about the colonization by the so-called yellow-brown races 
of so much of the enormous area extending from Japan on the 
east to Madagascar on the west. When lhis process began, we are 
as yet unable to say: but it seems not unlikely tlmt one of the con¬ 
tributing factors whs the pressure generated by the slow expansion 
coastward of the Chinese In the second and first mi Hem u rns before 
Christ. The disturbances set up, for example* by the Chou conquest 
of the Yellow River Hasin* about the eleventh century before oui 
em t were felt far and wide and must have led to much shifting of 
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peojiU-B both by land and by seaJ- Again, when the “ barbarian ?T 
kingdom of TiLeh, corresponding roughly to the modem Chinese 
province of Chekiang, overthrew the rival state of Wit, in the Yang¬ 
tze embouchure region, In 473 B, C., the ruling class of the latter are 
said to have mack their escape to certain islands to the eastward, 
which can liardly have been other than the western portion of the 
Japanese group®.* 1 

The earliest distinct reference to Japan in the Chinese writings, 
however, is one in the work known us the Shah Hal Ching. to the 
ottcct that the northern and southern Wo are tributary to Yen, a 
Chinese feudal kingdom at the head of the Gulf of (Mhlu 1 * Inas¬ 
much as Yen ceased to exist m an independent state in the year ±JG 
Ik C.. this notice carries us back at least as far its the middle of the 
third century before our em, and possibly even farther still, since 
we know that Yen had been sending out exploring expeditions by 
sen as early as the reign of King Wei {378-343 U. t 1 .). 15 We need 
not infer, however, that an netuEd conquest by Yen of any part of 
the Japanese islands ever look place. As is well known, it was long 
a 1 1 official convent: -n in China that ail outsiders resorting to her for 
purposes of trade tame to her as u Iribute bearers*” Ii may there¬ 
fore hr fairly concluded from the parage in the Shun Hai Citing 
ihat the two W<« peoples were in the habit of sending trading parties 
to Yen whirli had the cognizance of its government in days when 
foreign commerce was kept as far as possible a dose state monopoly. 

Precisely where the two Wo are to be sought, it is impossible to 
:ay. iVrhaps the northern branch inhabited the lower extremity 
of the Korean pejunsiiln; 1 * or, mi the other hand, they may l*oth 
have dwdt in western Japan. That the sonlhnra, or tL Great,” Wo 
v,l-i-c hseated in Kyushu seems quite dear. For nnother name ap¬ 
plied to their country by Chinese writers h that of Ye-mu-tbiL 
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This region* we Eire told* lay to Ilui south of Korea—somewhere, that 
is to say, in the island of Kyushu—anti contained u hundred petty 
kingdoms, all subject to the Ta Wd Wang* or great king of the Wo* 
It is further dbribed as a maritime region with a late Stone Age 
culture, lying nearly due east of what is now the Chinese province 
of Chekiang and enjoying so mild a climate that vegetables were 
grown, both winter and summer. 1 * 

Now the winters of the Japanese Paetfic seaboard aie miid* it is 
hue* thanks to the Japan Current, But nowhere are they mild 
enough to admit of the winter ripening of crops, save m certain 
favored localities of Shikoku and Kyushu; and of Shikoku in this 
connection there is no question. Yet several modern writers* in¬ 
fluenced by the similarity in sound, have insisted upon identifying 
Ye-ma-t’ai wjtik ihe Japanese Province of Yamatn, far away to the 
eastward* in the heart of the mountainous peninsula forming the 
boundary of the Inland Sea in that direction. It is hard to believe, 
however* that when the careful and evidently woll-informed Chinese 
historians speak of a mat h ime region with an extremely mild winter 
climate, lying far to the south, they really mean an inland Province 
with a decidedly cold winter, situated in ihe distant cast. 

Nevertheless there may exist n connection between Ye-ma-Pui und 
Yajuaio after nil. Both the Chinese historians and their own legend* 
represent the primitive Japanese a.i located first of nil in Kyushu, 
where in fact die word Li Yamato 1 d<His actually occur, as u place 
name in both TIigu and Chikugo Provinces,** We know further 
that this name has been applied by the Japanese people to them¬ 
selves in u very definite way; Yamato damnshii, for example, means 
ihe spirit of the Japanese people, nut that uf the Province of Ya 
male. Hence, it seems possible at least that u Yum at o ” was the name 
applied to themselves, while still in Kyushu, by the people whom tlse 
Chinese usually referred to as the Wo and that when* as we shall 
see. they transferred their scat of government to central Japan they 
carried their name with them. 

GULTKUn AREAS IN THE KOREAN PENINSULA 

The Korean peninsula during these times, just prior to and about 
ihe beginning of the Christian era, was divided into two quite die- 
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fried culture urcos. In the north and extending over into what is 
now southern Manchuria were various tribes with cultures basically 
jikin to those of eastern Siberia generally? though beginning to he 
modi lied by influences both from the neighboring Chinese states and 
from Central Asia . 11 Farther to the south the peninsula was the 
home of the peoples called by the early Chinese writers the “Three 
Han/' While the precise boundaries of these ure unknown* gen¬ 
erally speaking the Ma-Han occupied the west and southwest of the 
peninsula, with the Shen-llao to the east of them, cm the Sea of 
Japan, and the Pien-Han in the extreme south. These 1111*00 Hin 
peoples were dearly recognised by their Chinese contemporaries 
as quite distinct from Lhcir northern neighbors? while on the other 
hand there evidently existed between them and the primitive Jap¬ 
anese an extremely dose kinship if not indeed an actual identity. 
The siune was also true, apparently, of tlit- people of Que)part in¬ 
land, where traces of southern coni acts are unmistakable to this 
day . 20 This entire region, in fact, formed in prehistoric times a dis¬ 
tinct culture area whose closest connections are to be sought in the 
Chinese coast lands u> they- were Isefore they cairn* under the in- 
Jhicnce of Chinese civilisation* It was only shortly before the lie- 
ginning of the Christian em (hat bands of refugees, fleeing from the 
wars then devastating Chinn, founded various states in southern 
Korea in which they introduced that Late Bronze Age culture which 
then characterized their own country. Shen-Hon—later the kingdom 
IMu 4 o, or Sillft—in spite of i(s comparative isolation with re¬ 
gard to Chinn, maintained especially close relations with that coun¬ 
try. find the consequent superiority in culture which it enjoyed as 
compared with its immediate neighbors is evident throughout it* 
history. 

lNTRODUtmcJS or BRONZE AND TRON INTO JAPAN 


Thti« can Lh! little doubt that it ms from these newly founded 
states of southern Korea that metal was first introduced into Japan 
The history of bronze in limt country' is peculiar, n , luJI !i()t in 
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fact, bo said that a true Bronze Age ever existed the** at uJL =l The 
records of the Later Han dynasty describe the people of Wo t early in 
the Christian era, as still in the Neolithic stage irf culture. This 
statement regarding their ignorance of metal at that time is strik¬ 
ingly confirmed by the disco very in various parts of western Japan, 
In association with stone implements, of Chinese coins of the first 
century of our eta,” The histories of the Wei and Chin dynasties, 
on the other hand, referring to the third and fourth centuries, men¬ 
tion iron as known to the Wo, It would appear, therefore, that the 
very brief and wholly exotic bronze culture which archeological 
research has disclosed to us in Japan must have fallen somewhere 
about the second century or so of our era. 

Bronze remains in Japan are few and fur botweeer^ and such as 
there are occur only in the western portion of the country, They are 
quite unknown anywhere to the of the Luke Biw& area, that 
isthmian region of central Japan where the Aimi held back their 
Mongoloid foes through so many centuries. Aside from ceremonial 
objects, the known remains consist mainly of swords, daggers, und 
arrowheads—all dn>ely resembling well-known Chinese Bronze Age 
types* The disco very of molds indicates that some ms Ling was done 
in Japan; but the raw material and u great proportion of i be finished 
articles seem to have been imported, either from Korea or even direct 
from China* as is also suggested by the name. Knral u\e^ which may 
mean either Korean or Chinese metal, Introduced only after its 
use in Chinn had already been largely superseded by that of iron, 
it was but a short time before bronze was overtaken and displaced 
by the later metal in Japan also. And so effei lively was it eclipsed, 
save of course for ornamental and ritual objects, that neither the 
Kojiki nor the Niliorigir" the two earliest Japanese historic a I works 
that have come down to iib, betray the slightest recollect eon of a 
former Bronze Age; the use of copper arrowheads upon one occa¬ 
sion being mentioned solely os something unusual. 

But, if (he influence of bronze upon the cultural development of 
Japan was thus slight, with iron the case was far otherwise. His¬ 
torical notices are wanting; Suit good grounds exist for thinking 
that iron reached Japan merely as one clement of an entirely dif 
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ferent material culture complex, partly Chinese And partly Central 
Asiatic in origin^ * 1 II which hud taken form somewhere in Korea and 
which was far higher than anything Lhat the *1 a pan esc islands had 
yet known, Thai this cultural invasion was the result of actual 
conquest of any part of the country Ln a military sense can not be 
categorically stated; but the presumption seems on the whole in 
favor of something of the kind. 

OTHEU EVIDENCES OF INVASION FROM KOREA 

The evidence of language, for one tiling, appears to point in this 
direction, Japanese belongs to nn independent family, whose only 
other members are Korean and Loochoo&n, and such indications 
as there ure point to central rather than to southern Asia as the 
region of its origin.® The most plausible conjecture — in the pres¬ 
ent state of our knowledge it can bo nothing mote—would seem 
to he that it reached Japan as the tongue of a relatively highly 
civilized body of invaders, not necessarily large, penetrating south¬ 
ward from the Korean peninsula and imposing their authority and 
their language upon the less civilized tribes* presumably of mixed 
Ainu and southern Mongoloid origin, whom they found in posses¬ 
sion of the western portion of the islands* That such movements 
were constantly recurring within Korea itself, we know from the 
Chinese records. About 300 B. Q T for example, when refugees 
from China conquered tile state of Chao-hsiun, in southern Man¬ 
churia,, the king of die latter country escaped southward by sea 
with several thousand of his followers and secured a footing for a 
ae&BOii in Ma-llan in the southwest of the peninsula, only eventually 
lei be beaten out again.* 1 Hint a similar raid, or series of raids, 
during the Jailer half uf iho second century of our era or there¬ 
about k, should haw been the means of introducing im Early Iron 
Ago culture among the Wo T seems both possible and plausible* 

The most conspicuous feature of this period in Japan, next to 
the use of iron itself, was the practice of dolmen burial* A careful 
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stu% of the available data, both historical and archeological, points 
to Korea again, and probably to the northern rather than the south¬ 
ern portion uf the peninsula, os tho source wheneo was introduced 
into Japan this custom of burying Urn illustrious dead m mega¬ 
lith ic chambers covered by vast mounds of earth* Dolmens, in 
general somewhat smaller and simpler in type than those of Japan, 
occur in Korea in large numbers, particularly in the north. Far¬ 
ther down in the peninsula their place tends to be taken by still 
simpler stone cists; but those contain horse imp pings, stone models 
of metal swords and nr row points, and wheel-made pottery, all 
closely resembling and in most cases absolutely identical with corre¬ 
sponding remains in dolmen interments in Japan* 

It is a matter of historical record, reinforced by archeological 
evidence, that this type of burial came to an end in Japan about 
the seventh or eighth century. Regarding the date of its beginning, 
however, opinions have been widely at variance, although generally 
speaking it has been placed far too early* 

Wlitle it is true that bronze and even stone objects have been 
found in connection with Japanese dolmen interments, that these 
are mere funerary survivals is shown by the fact that the vast 
majority of implements are of iron from first to last* The occur¬ 
rence of horse trappings in these interments is of great significance* 
The Chinese records are most explicit to the effect that the people 
of Japan and of southern Korea at the beginning of the Christian 
cm and for at hast a century or two after had neither horses nor 
cattle. Hence, inasmuch as stirrups, bits, ami other objects of iron 
are recorded as occurring throughout the Dolmen Period* it follows 
that the latter itself can only date back to the epoch of the intre¬ 
duction of iron and the horse* somewhere apparently about the end 
of the second century. 

THE INTRODUCTION OF AGRICULTURE PROPER 

To what extent (lie primitive Japanese In days prior to the advent 
of metal depentied upon planting for their subsistence we do not 
know; but the Chinese accounts afford evidence of what is other¬ 
wise intrinsically probable, that they possessed a hoe culture, carried 
on In all likelihood largely if not exclusively by the womenfolk. 
Under such a system* for several reasons, no very great growth of 
population could ever take place. It was only the introduction of 
true agriculture, which in southeastern Asia means the growing 
of irrigated rice, that made possible the va-st increase in numbers 
and consequent economic and military strength essential to the 
development of a powerful national entity. This great advance 
in civilization was another element of that distinctive culture com- 
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pies characterising the Japanese Early Iron Age. That it, ton, was 
derived from Korean is indicated, among other signs, by the entire 
absence in Japan of the water buffalo, the plow animat par excellence 
in the irrigated rice culture of China, and the use in its stead of u 
bullock of idem tail bleed with that of the neighboring peninsula. 

Such a revolution in the economic life of a people as that 
implied by a change from a hoe to a plow culture has naturally its 
social aspects also. In Etoo culture it is almost invariably the 
women who do the planting, while the men fish and hunt. No one 
exchanges the excitement and activity incident to the career of a 
hunter or a deep-sea fisherman for the monotonous drudgery that 
falls to the plowman's lot save under strong compulsion of some 
sort. In other words, the bringing about of such it change almost 
necessarily implies the relationship of master and serf. That such 
a system obtained in the Japan of the Early iron Age, we have 
abundant evidence, 11 This fact affords additional presumption of 
conquest of some sort, whether from without or from within. 

HISTcmirAL KViJitiNi-ti frum miXfcsK lmcoum 

For such historical evidence as exists regarding this phase of 
Japan's cultarid development we me still forced to rely almost 
wholly on the Chinese records- Writing seems to have been applied 
in Korea to the keeping of annals only toward the close of the 
fourth century of our cra T and in Japan somewhat later still, so that 
what is told regarding earlier periods must rest solely upon oral 
tradition and legend, 24 

The histories of the Laler Hun and the Wei dynasties of China 
inform us that for a period of 70 or SO years, ending about 
the dose of the second century, the | ample of western Japan—from 
what cause, is not stated were in great tiiriuuih ihc disturbances 
ending only with the rise of n powerful queen (almost certainly the 
hk empress** Jingo Kogo of Japanese legend) who by her command 
of magic extended her authority far and wide over the various tribes 
of the Wad 1 She had* the accounts go on to suy. no liusham.l, but 
was assisted in governing by her brother—apparently an only partly 
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understood instance of royal brother-and-sister marriage* * n custom 
which we know former tv existed in Korea also/® 

That a marked change of some kind, whether as tho result of 
actual invasion or not* really dill take place at this time is farther 
shown by the fact that the Chinese records of the period sometimes 
refer to “Great Wo’ 5 by the alternative name of “the Queen 
Country/’ although declaring specifically that in earlier times it 
had lieen ruled over by kings. It seems to have been the ease that 
these female rulers of the Wo derived their powers from a belief 
that they in some special sense—most likely through actual physical 
descent — represented the Bun Goddess, whose oracles and priestesses 
they were. 

It was about this same period* apparently, that there arose on the 
main island, in what was later the province of Iftiimo, an independ¬ 
ent kingdom which hud especially close relations w ith the country of 
Hem-lft, or Silli, facing it across the Sea of Japan/ 1 It is perhaps 
in this Izumo region that is to be sought the land of Kn-iui, mentioned 
by contemporary Chinese writers as situated across the aea from Ye- 
ma-t'ui (in Kyushu, as we have seen), and more to the east ward. 
The people of Ko-uu* we arc further told, although of the same race 
us the Wo, were generally on terms of hostility with the hitter, and 
unlike them were ruled over by a king, who was in diplomatic cor¬ 
respondence with the Chinese representatives in Korea. 

Thus it seems clear that beginning about the latter half of the 
second century western Japan was invaded from Korea by a de¬ 
cidedly high culture characterised by the usc of iron* tho manu¬ 
facture of wheel-m&do pottery, the possession of domestic animals, 
the custom of lighting on horseback, the practice of true agriculture, 
and the burial of the illustrious dead in dolmens covered by huge 
mounds of earth* It is possible that the bow played a part in the 
extension of this culture, for the original Mongoloid settlers of 
western Japan, like their kinsmen of the Chinese littoral and so 
many of the modern people® of Indo-Chinn and Indonesia, appear 
to have been spearmen rather than archers. 

Of the substitution of male rule for female rule among the Wo 
there is no historical record. But that it took place not long after 
the time of the great queen just mentioned and that it was due to 
The growing influence of Chinese ideas may be held as certain. The 
former divine queens seem to have survived merely as chief 
priestesses of the .Sun cult, while the actual power was henceforth 
vested in the male heads of the ruling dan, the historical mikados, 

»ilaifcHTt r 4-.p. tt U (J. St 

* On shr* «antfcct JIaSej-Ily and the Injaia p<^ijb Jnftan, jm> Airli>n. X] Cm mrl , 

tuI. 1, l>- llld ami note; W, &. UriftlH: OiWt tip ilcfmlt Sailyn^ N«w totfc, 1SS4 ; refer- 
In Plrfuce, r t; Uu^i. op. elt. P p. MS, 



562 ANNUM* REPORT SMITHSONIAN INSTITUTION, J0g5 

aten, of course* descendants of the Sun Goddess and therefor* god- 
kings in Llidr own persons. 

iMvos during this same period of her Early Iron Ago that Japan 
received, through Korea but eventually from China, two fresh cul¬ 
tural arquiritions, whose importance it would be difficult to exag- 
gerote. These were the Buddhist faith and the art of writing. The 
story of the way in which these additional factors in the national 
life ranie to be introduced can not be gone into here. But it will 
readily be seen how very great must have been their influence as uni¬ 
fying and civilizing agents among a congeries of tribes dwelling 
upon a relatively low culture plane and ruled over by n turbulent, 
disunited, and illiterate aristocracy which had as yet learned to pay 
hut small respect to the authority of the central government* 

EXTENSION OF JAPANESE OCCUPATION OF THE MAIN ISLAND 


The fact that bronze implements have been found only to the west¬ 
ward of the Lake Biwa region would suggest Ihat the Mongoloid 
advance at the expense of the Ainu got no farther than that point 
until after the introduction of iron. It la possible, however, that even 
during the Neolithic period independent bands of the invaders may 
have cruised in canoes farther eastward, planting settlements along 
the const but leaving the central mountain ranges in dm hands of 
the aboriginal population. We know that it was by this method of 
coastwise advance in largo fleets of war boats that the Japanese 
effected the conquest of much of the northern part of the main island 
in the full light of the historical period* during the seventh and 
eighth centuries, and it must have been by a similar process that they 
acquired a lodgment in the islands in the first place" At all events, 
* here is some evidence, slight though it he and mainly of a legendary 
character, that the coastal plains as far east as Tokyo Bay were 
already occupied by settlements of peoples nkin to but independent 
nf the ViuniUk when the latter established their supremacy tin-re. 
The ¥amato*diike story t example, pure myth though it be in the 
main , 11 suggests this; for in it that hero appears as warring against 
Peoples kindred to Ids own until he parses the mouth of Tokyo Bay 
(traveling by sea. be it noted); it is only beyond that point that lie h 
represented as coming in contact with the Ainu. 

It seems certain, at any rate, that the efforts of the Vamato to 
extend their authority over eastern Japan began very hmul after tht ir 
occupation of the Lake Biwa region. For the Japanese annals, just 
imw beginning to have aortic -Hglit historic*! value, mention a defeat 
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inflicted nt the end of the fourth century upon one of their war parties 
by the Ainu of the rugged peninsular region between Tokyo Bay 
ami the Pacific Ocean. And 60 years or so later—in the jmr 478 
A. IX, to 1*5 exact — the Chinese records inform us that the emperor 
then reigning. Shim Ti, of the Early Sung Dynasty, received a 
letter M from the ruler of the Yamato* stating that his father hod 
conquered toward the east 55 states of the Maojlii, or w hairy mm n 
(the Ainu, of course), and on the west G5 states of the I-jen* or 
“ barbarians. 11 Who these latter were is uncertain, but they were 
perhaps most likely fragments of the pro-Yuma to population of 
western Japan, of mixed Ainu and Mongoloid descent, which, dwell¬ 
ing in mountainous areas or outlying islands, had managed hitherto 
to escape conquest? by the Ynmato. Southern Kyushu in particular 
we know long remained independent and hostile. The almost entire 
absence of dolmens here indicates the slight control exercised by the 
Yamato over this region during their Early Iron Age, and this in¬ 
ference is most abundantly confirmed by their own records, 

LOSS or CONTINENTAL TERRITORY 

But, though the influence of the mikados was being strengthened 
during this period in Japan proper, ms much can not be said with re¬ 
gard to their relations with the c-outinent During much of tic.* 
Early Iron Age western Japan and particularly northern Kyushu 
» to have been far less closely allied in feeling to the Yamnto 
region than they were to southern Korea* At times this conscious¬ 
ness of kinship actually took the form of alliances between the 
peoples on the two skies of the Strait of Tsushima for waging war — 
b ' rebellion '* in (he official Japanese phraseology—- again si the divine 
Yairmto rulers of central iJapan, It was only by great efforts that 
Hie latter were able to maintain even the loosest control over their 
kinsfolk of the lower end of the peninsula. 1 * Geography, in the 
shape of I he hundred miles of sea between Japan and Korea, was 
working as inexorably against them as did the English Channel 
against the retention of Normandy by the English kings—in many 
ways a closely parallel case. 

Finally, in the latter half of the seventh century the age-long 
friendship between the kingdom of Ilsin-lo, the ancient Shan-Han, 
and rhinii* then under the sway of the [jowerful Thing Dynasty, 
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culminated in a joint attack upon the Ymnnto by sea and land, 
which resulted in their tbtal expulsion from the peninsula. The 
people of Quel part, of Japanese or closely kindred stock, kept up 
for several centuries a quasi-indiqxmdent existence as the kingdom 
of 1 nrn-isa but eventually gravitated toward Korea, geographical 
propinquity proving stronger than the ties of race mid culture. 

At the lime, no doubt, this loss of the continental portion of their 
territory must hove seemed a catastrophe of the direst sort. In the 
Jong run, however, it proved of incalculable benefit. 91 ' For while 
receiving just ns formerly the culture stimuli emanating from the 
continent, the ^ amain no longer had to dissipate their energies in 
efforts to retain hold of regions on the mainland which were stead¬ 
ily grow ing farther apart from them in fooling and culture. Thus, 
able to give their undivided attention to their home problems, they 
set to work in earnest to obliterate the hist remaining frontiers 
within the Japanese islands themselves, 

FttRTHEB CONSOLtHATTON CHS* THE INSULAR DOMAIN 

The independent com muni tits still surviving In the west, of which 
those mentioned as existing in .southem Kyushu went the chief, were 
absorbed in short order. The Inst rising of the old independent 
stock of southern Kyushu took plare at the end of the seventh cen¬ 
tury, barely a generation after the expulsion of tile Yamato from 
their Inst foothold on the continent. Rut the separatist tendencies 
of the region, fostered by its geographical eon figuration, have been 
manifest throughout its history, the last instance being that of th« 
famous w Satatimu rebellion *’ of 1877. 

The subjugation of the still uneoiiquered Ainu of the north and 
vast presented a for more serious task. The nia.ss of the people of 
western Japan, hardly touched by the new cultural influences from 
the continent, save in so fur as these facilitated their exploitation by 
their rulers, had long since sunk to the status of abject predial 
serfdom and had lost such military virtues its they may once have 
possessed. The aristocracy, we know, were splendid warriors, 
gorgeously equipped and accustomed to fighting on horseback with 
longliow and sw'Ord. \\ hon called out cn masse they no doubt 
proved a most effective if somewhat undisciplined militia’. But aside 
from the personal guards of the rnlers and great nobles, recruited 
largely from the Ainu mid the pre-\ rtmnto populations of southern 
Kyushu, there was no standing army and consequently no force 
ready at all times to take the field on short notice against the 
sudden incursions of tho uncontjuered aborigines. These fierce 
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fighters were by no means con lent merely to act on the defensive. 
Throughout their history a> on independent people they evinced un 
entire willingness to meet their enemies quite halfway. Their usual 
method of waging war was to strike the settlements of the foe un¬ 
awares and then be off again with their booty and captives, leaving 
behind them a trail marked in blood and fire, before troops could be 
brought up against them. The attitude of the bulk of the Japanese 
peasantry toward these savage raiders is vividly reflected in n 
very ancient song, attributed to the mythical hero Jimmu, which 
says that one Emisbi (i. e. 7 Ainu) is a match for a hundred men, 

THE AINU FBONTIBII 

It wan clearly fur strategic reasons that the Yuma to had moved 
their seat of government in the first place from Kyushu to the fron¬ 
tier region about Lab Biwn. For it was there that Ainu incursions 
were most to be dreaded and theirs loo, that they could be most easily 
repelled before they had penetrated far into the country. That such 
a radical change of I wine should have been made, in spite of the very 
great importance which wv know the Yamato rulers attached to the 
maintenance of their hold on southern Korea, gives us a measure of 
the ansiety with which they regarded the u Ainu question/ 1 ' Only a 
motive of the utmost Cogency vtmld have induced them to remove 
so far from the position eln*c to the Strait of Tsuahimu which they 
had hitherto occupied. 

The settlement of the Ainu problem was at length effected: but it 
was only by dint of the hardest fighting, protracted thro ugh cen¬ 
turies. The possession of iron weapons and of u force of mounted 
archers accustomed to maneuver at a gallop over rough ground 
must have given the Yamato a great advantage over the Ainu in the 
open field* But as the latter were slowly pushed back northeastward 
they absorbed more and more of the civilization of their enemies 
with a consequent increase in their own powers of resistance, while 
the Yamato armies, on the other hand, advancing both by bad and 
by sea, met with ever greater difficulty in getting up their supplies 
from the cultivated districts far in their rear. Moreover, it was 
'not enough merely to occupy the lowlands near the coast with 
blockhouses and military colonies. The central mountain ranges 
had also to be invaded and their inhabitants dispossessed or sub¬ 
dued, if there was to be any security for the always lengthening 
lines of communication* In view of the overwhelming difficulties 
attending the task; it b no wonder that it was so long of accomplish¬ 
ment; while the dogged stubbornness with which the eenturiesdong 

761341—26-37 



566 


ANNUAL KEPOUT SMJTHBONIAS INSTITUTION, 1925 


buttle was waged on Lot h sides pays a vast deal for the fighting quali¬ 
ties of Ainu and Yam a to alike. 

For some reason program wa® much more rapid on the west than 
on the east coast, s* *n that about the close of She seventh century the 
Yamato had after a fashion occupied the territory along the of 
Japan nearly up to tho thirty-ninth parallel. On the Pacific side the 
Ainu were then holding out along a line roughly corresponding to 
Latitude 37° N. The next few campaigns pushed the frontier back, 
on the west, as far as a £|K>t a trifle south of latitude 40° X,, where 
the Akita fort was built. From ibis point the boundary extended in 
n general southeasterly direction across the central mountain range?! 
to the Pacific, reaching the coast about in latitude 3S D 4*T X., some 
50 miles or so north of iFlc Tag a fort, whose overgrown earthworks 
still stand, not far from the present city of SendaiA 1 

At this point, in the latter half of the eighth century, the still 
unconqsiered Ainu made a desperate ellort to regain their hist ground. 
They took the Taga fort, massacred its commander and garrison, and 
pushed far down the eastern coastal plain toward that Tokyo Bay 
region from which their ancestors had been driven something like 
WO years before. 

But the Ynmato government, albeit with difficulty, kept large 
forces in the Reid year after year, while the aborigines, barbarians 
as they were, aided in their own subjugation by indulging in suicidal 
wars among themselves, It was fortunate for them that the Yamato, 
before the loss of their continental possessions Left them free to at¬ 
tend to their internal problems, had adopted the peaceful and humane 
creed of Buddhism with its aversion to bloodshed. For. in obedi¬ 
ence to the behests of their faith, they carried on no mere war of 
extermination but made a genuine effort to civilize and assimilate the 
conquered natives and to place them on the same footing with the 
other subjects of the Mikado. At first prisoners of war were dis¬ 
tributed in the western part of the islands in amaU bodies and were 
given rations until they should learn to become self-supporting; while 
later on the policy was adopted of organising them into villages on 
the same basis as the rural population elsewhere. Thousands of them, 
first-dase fighting men as they were, accepted enrollment in the 
Japanese armies for service against their still unsubdued kinsmen.' 
Offices and gifts were bestowed on surrendered chieftains, while 
missionaries, in some cases themselves converted Ainu who had taken 
holy orders, made every effort to win the aborigines to the Buddhist 
faith. 
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FINAL i I INQUEST OF TUH AINU 


Finally by the dose of the tenth century the subjugation of the 
Ainu of the main island could be regarded us accomplished. But it 
was long before they were completely assimilated. They rose again 
and Again, even us lute as mg, while a few villages of them were still 
to be found about the shores of Aomori Buy so recently ns the eigh¬ 
teenth century. 

That portion of Clip race living in Yozo, Sakhalin, ami the Kuriles 
retained it^ independence for some time longer. The hist serious 
eifort of the Ycr.o Ainu to expel the Japanese occurred in Lhr latter 
pa It uf the seventeenth century, when with their primitive weapons 
they made a brave but hopeless tight against their foes clad in iron 
armor and equipped with matchlock guns and keen steel swords. 

As n distinct people the Ainu have almost wholly disappeared, with 
the exception of the few thousands still living in the island of Yezo. 
Nevertheless they form a very large element in the racial composi¬ 
tion of the Japanese nation to this day.“ 

As usual in eases where crossing has occurred between Mongoloid 
and other rates, the externa! physical characteristics of the former 
hnve tended to be dominant, although apparently the same does not 
hold to quite the same extent regarding skeletal traits. Traces of 
Ainu mixture are visible throughout the country, from the Loochnos 
and Satsuma in the far south to Yam on the north, while m isolated 
regions like the mountain fastnesses of Kozulre, Shinano, and 
Eehigu Provinces in the renter of the main island, there still occur 
surprising numbers of pure Ainu types. Particularly strong was 
this strain among the former Samurai, or kniglittv class, in large 
part descended from the Ainu incoqiorated in the Japanese armies 
of I lip eighth and ninth centuries,* 1 To this inheritance it was that 
the haughty two-ftworded man of luter times owed his less Mongo¬ 
loid features, ruddier complexion, and heavier beard, to any nothin" 
nf his splendid fighting qualities. 

It would lie difficult to exaggerate the influence which the Ainu 
have exerted over the historical development of the Japanese Em¬ 
pire, For to the long centuries of warfare which their subjugation 
entailed were due the rise of that hereditary warrior class and that 
system of military government, without which Japan would almost 
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certainly have vegetated into a second Korea—in other words, ii 
feeble imitation of China, without either the will or the force to 
tlimk and act for herself. It is pleasant to lie able to state, from 
personal observation, that the Japanese authorities are doing nil 
that they can to elevate and educate the remnant of the Ainu, ami 
assist them to 11 point where they can take their proper place as 
civilized men and women in the world of the twentieth century. 


CONCLUSION 


The pliisical and cultural traits which we regard as peculiarly 
Japanese may, then, he traced to three separate and distinct geo¬ 
graphical ureas- 10 Basically, both in race and in tlnj fundamentals 
nf their culture, the Japanese are most closely akin to the ancient 
inhabitants nf the Asiatic coast lands during !he Neolithic period. 
Superimposed upon this foundation and affecting mainly the ruling 
classes, was that higher type of civilization which began to reach 
Japan about the beginning of onr era. and whirl, was accompanied 
- !l wri “ in lnflIsir,n "f fresh blond, largely from Korea but also 
to a not iHconsiderable extent direct from Chinn. Finally, to the 
long contact with the ancient aborigines were due the addition of 
a most valuable clement in the racial complex and the acquisition 
of that fighting spirit, with Its traditions of unflinching loyalty 
and self-sacrifice, that has been so largely responsible for the ,i<4 
Jnpim m a modern power. 
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PLAtl J 



AfNii Mas* and women at Piratorl island of YEilO: the man Has 
CEREMONIAL HEADDRESS AND MUSTACHE LIFTER. THE DESIGNS ON 

the Clothing Are Distinctive of This Race 




















PLATE 2 



I . 0LO AlNU MAN OPERATING CANOE FgHRY IN INTERIOR OF ISLAND Of YEZO. 

Th* Ainu f in Common with Other North pacific peoples Both of Asia 
and of America, Were Expert Cahoemen 



2. Korean Bullfight, these Fights, Originally of Ritual significance, 
SEEM TO HAVE FORMED AN ELEMENT OF THE IRRIGATED RlCC CULTURE 

Complex, in Association with Which They Are, Found from Japan to 
Madagascar 
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PLATE 4 



I 

I Ainu Village. Note piles of Firewood Provided 
AGA lhST THE BITTERLY COUO WINTER. ThE AI HU 

formerly Used earth- Cove red Dugquts ab Colo- 

WEATHER RESIDENCES. WHILE THEJR STOREHOUSES 

Elevated on Piles Point to Contact wjth South¬ 
ern INSULAR PEOPLES 
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2- Type of Primitive Japanese Hu? Surviving among 
Modern Peasantry. Photograph by Courtesy of 
the Freer Gallery qf art 
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PLATE 5 



I ■ Famous Shrine of the sun Goddess at Ise, in Which 
l& Preserved the primitive Japanese Tvpe of Hut, 
Allied to Southern Jnsular Forms, very pistenct 
from the Chinese Style of Architecture imported 
m Hjstqftic Times, photograph by Courtesy of the 
Freer Gallery of art 
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2. View of INara, One of the Capitals of Japan in the 
Eighth Century, Shoving Architecture: of Chinese 
Buddhist Griqin 
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PLATE 7 



l. typical Japanese Torrent bed in Winter Owing to the Almost 
Total Lack of ivaviga-ble Rivebs, the original Japanese Conquest 
Was Largely Confined at first to Seaboard Plains accessible to 
Their Fleets of war Boats 



2 r Lake Hakone, in Central Japan, Where the Original Ainu long 
h&lo Back the Japanese invader Until outflanked gy sea, as 
Happened Again and again, Until the process of Conquest Had 
Been Completed 
























^#pnirE. IMS - inhejs 


Plate a 



l. winter Scene m the nikkq Fiange. part of the Central Backbone of 
Japan, in Whose Fastnesses Ainu types Still Sometimes occur in 
Great Purity 



2 L ™*"* Q NORTH FWH THE SCARP OF THE AhClENT JAPANESE HlLI. FORT 

OF Tag A toward THE HILU^ STiLt Hem ftv the Amri“hal Ainu 7« 
the Eighth Century u ,w 
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Plate 9 
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LfcdCHiBEO STONE OF THE EKiHTH CENTURY AT Thf Tift* 






























THE EXCAVATION'S OF THE SANCTUARY OF TANlT 

AT CARTHAGE* 


By Bvuom Khun dk Pjcusluk 
Codirector of (Ac CurthayiniilH wuiralfon*. 


[With 4 platen? J 

The Sanctuary or Temple of Tunit is the Iirst Punic rain to be 
found “in situ” in Carthage* Father Del attic has uncovered many 
Punic tombs at Carthage, but the richly crowded area "of the 
Temple of Tanit,” now being exhumed* is the trace of Car- 
thagiiiian remains of the Phoenician period in the original position. 
The discovery was made by two amateur archeologists of Tunis, 
Mr* leard and Afr* Geiily, and the discovery was at once comm uni* 
rated to the Academic des I rescript ions et Belle* Lettres by J. B. 
Chubut, membra de LTnotitut, and expert in die Phu-nicifth Lim- 

guagetL 

The ruin wai found in one of the most common ways in oriental 
countries — that is< Uy tracing the selling of aniitgiitie,* by the lucid 
Ariilis. A LvautifuJ Punic inscription was being sold when Mr. 

asked whence it came. He was told by the Arab that he 
had found it in the mountains above Carthage, and for two weeks 
a search wu» made in the indicated pl&ev. These indications were 
a ruse so that the Arab could go on peacefully digging up the 
antiquities iiL seem and selling them at once in- tourists mid col¬ 
lectors. One night the Arab was followed and was seen by the 
light of the uifjH.Ni Li> I k L digging on his hands and knees in a hole. 
Hi- was caught red-lianited* with ]u votive inseriptiim stones near 
by f and the famous Sanetuary of Tan it was at last locukaL From 
the historian Polybius we know that the Temple of Tflnit and of 
Baal Hiimmon stood in the vicinity of the ancient forum not far 
distant from the ancient ports. The site of this recent discover y 
corresponds with the atieient historian^ fHjsitioii of I Ho temple, and 
strangely enough lift- discovery is situated on the spot called T 'Sa- 
JmumtwV 1 about HKl yards from where the ancient ports are siip- 
[ w i sh■ 1 1 to have stumJ. Hindu ve Flaubert, wins wrote I lie greatest 
historical novel ever produced in France, would have been pleased 
if he 1 1 ail lived to know that the temple he had so vividly described 
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web lacing brought back to the civilised world. In digging up this 
tempi® till® winter, we had constantly in our minds the vivid descrip¬ 
tion of the temple that makes one of the most wonderful episodes of 
Flaubert*9 a S&liinmbd.” 

The excavation was started by the <f Services ties Antiquitfe, 1 * anti 
this year wo were able to procure the site sifter many months of 
deliberation and difficulties on the part of the owners of the coveted 
piece of land. 

The sanctuary is remarkable in lraing composed of four distinct 
level®, llnors of votive altars, inscriptions, and vases of many new 
forms* 

Each level corresponds with a different period of Carthaginian 
history. The sanctuary dates from the foundation of Carthage, 
which in lost in the night of time, but it is only in the termination 
of the present excavations that fjerhups some clue to the real date of 
the foundation of Curtilage may be found. Most historians place 
the legendary foundation of Carthago by !>idn at about 854 J B. C- 
With the termination of the present excavation we Jio[>e not only 
to solve the mystery of ancient Carthage* but also to *otv® the prob¬ 
lems of the great Egyptian influent-® we have found there, of the 
practice of human sacrifice, and many other historic questions. 
The sanctuary existed until the destruction of Carthage by SciplO 
146 years B. C* From it we are learning new' indications of the re¬ 
ligions and customs of a lost empire. The site of the city of Hanni¬ 
bal and 1 [ami!car has long been a mystery, but the tombs discovered 
by Father Dd ultra have shed certain light on the great people who 
once challenged Rome for the mastery of the ancient world. But 
nearly everything Is yet to be achieved in Carthage, as regards the 
sdcnUflc exploration of the vast antique metropolis of Africa, that 
once had a population of a million inhabitants and whose area is 
said to have beau 24 square miles* 

The Temple of Tanit is our first due to the Fhmnkian city that 
disappeared from the face of the earth during the dreadful con¬ 
flagration when the city burned for IT days and the smouldering 
ruin* were plowed through by the revengeful Roman*. The ex¬ 
cavation is producing thousands of beautifully painted urns* con¬ 
taining rare and precious amulets and other treasures, and elegantly 
sculptured inscriptions of the days of Hannibal, ami hundreds of 
strange votive altars unknown as yet to archeology. Each time 
that this great cemetery' was filled with offerings it was covered 
over with a layer of protecting clay and refilled. 

HUMAN SACRIFICES) AT CARTHAGE 

ft is hoped that the completion of the excavation of the ls area 11 
of the Temple of Tanit may lead to the discovery this coming season 
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of the plan of the temple itself. One of the greatest problems (if 
this discovery is the solving of the historic question of the human 
sacrifices of the CarthAginiens. The excavation has :d ready yielded 
thousands of urns filled with the ashes and hones of newly born 
children and small animals, it is thought that the animal bones 
were those of animals substituted secretly by parents for then 1 chil¬ 
dren* The relies have Imsch examined by the Pasteur Institute and 
found to he largely those of infants. 

In six weeks we dug out hundreds of vases, sometimes averaging 
M a day. Nearly all the vases contained ashes of children and we 
are driven in the conclusion thut on this site there were very dreadful 
holocausts in antiquity* 

Diodorus Siculus mentions that in the year 311 B. 0. as many as 
300 people were sacrificed during one ceremony. The Carthaginians 
were abhorred by the ancients because of ibis terrible custom of 
16 passing their people through fine” as in biblkol days. One of the 
most remarkable conditions of a peace treaty ever recorded was that 
made by Gelon of Syracuse on behalf of the Greeks. After defeat¬ 
ing 3fiG } QO0 Carthaginians at the great buttle of Himera, they de¬ 
manded one single condition, and that was the abolition of the sacri¬ 
fice of children ut Carthage* DjiriUH* King of the Persians* sent an 
ambassador all the way to Carthage demanding the a boll lion of 
human sacrifices and also the eating of tittle dogs, a great Phamician 
delicacy which was considered an abomination in those days. 

The awful cult of Moloch continued in die reign of Tiberius, 
according to die great apologist TertuMiom This Emperor hud the 
priests who performed these u abiimi nut ions of the Siduiuona *' cruci¬ 
fied in the Temple Gardens where they had performed these ritual 
sacrifices. 

Saint Augustine also spoke of these cruelties* which lie said con¬ 
tinued even in his day* the sacrifices being made then to Saturn 
Instead of to Baal Ammon. This b si dreadful period of human 
degeneracy that we are now unearthing in the famous Temple of 
Taoit, but such is archeology I In one spot we may be uncovering 
works of pricelfcsi art and traces of the advancement of civilization* 
and in another spot the contrasting decadence .shown in the revela¬ 
tion of such a cult as found at Aphradiriiim and at Carthago in 
Africa, 

THE URNS DISCOVERED JN THIS YEAR’S CAMPAIGN 
(The excavations of tlonr A) 

The first ruin to be located in the excavation was wliat seemed to 
Iks the Boman Temple of Saturn built above the Punic ruin below* 
We give it this name from a votive inscription found among the 
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dfibm of ruined walls. This inscription bnre the mime of Haul 
Saturn, H* 1 nf Fit ft these mills whs found the lirst layer of runic ob¬ 
ject 1 * The Roman conquerors had built right onto the field of votive 
offerings and other archeological treasures, hut had disturbed as 
little as possible the religions * area. 5 * It must lie remembered that 
Home rebuilt Carthage about 1iN> years after its destruction and it 
became in a short time the second city of the Roman Empre. 

Floor A is at a depth of about 5^ to tf meters The excavation 
is extremely difficult at the greatest depth because of the continuous 
in nitration of sea water. This floor contains vases of very deli* 
cate workmanship of graceful tulip form. Therein were cun- 
Gained finely worked amulets of the Egyptian deities mingled with 
the bones and ashes of children from new-born infants to the age 
of 12 years, 

Bdow this floor we discovered a very important si lex of the Neo¬ 
lithic age, a significant find, proving that prehistoric man hud also 
made the peninsular of Carthage his ubovle, This adds a new field 
of research in the already well-stocked one of Carthaginian arehe- 
ology T 

Floor A contains many rough stones placed in the form of small 
megalithie menhirs, and one wonders if a link with the mystery 
of the dolmens may also be solved by ibis excavation* North 
Africa is a rich field of mogul it lib remains* certainly one of the 
richest known, for in die plateau region of the Tell in Central 
Tunisia, I have visited 40 megalithic sites* At Roknia there are 
I,tl)0 dolmens to be seen on one site alone, Our new museum at 
Carthage was fortunate in piXKUirrag this year a complete collection 
of objects from the Dolmens nf Dniigga* affording splendid docu- 
n icnt at ion on this engrossing subject. 

The vases found in Hour A contained veritable treasures of 
jewelry, gold leaver, ivory masks. gold ornaments, necklaces and 
bracelets, objects of rare and varied form*, amulets, with the head 
of jackals, the w Eye of Osiris/’ the Egyptian gwj Iks, and the ter¬ 
rible sinister god of ihe Carthaginians, Moloch. 

Floor* B and V show also monuments of great Egyptian mflu- 
dice, The altars are obelisk in form and the urns again show amu¬ 
lets composed of the Egyptian Pantheon* However, flour 11 is 
not m rich in variety us iloors A and C but an extensive study is 
needed hem in cataloging ihe variety of monuments and the transi¬ 
tion of style. 

The next floor (O C as 1 ill| mrtJtnl na ihe deepest strata. for wo 
meet for ihe first limt- (he Iwimliful Punic inscriptions and .several 
scares of new varieties of -,-idpthml votive altars ami a wide range 
of Pknieum pqttery* 
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THE INSCRIPTIONS 

The excavation of this floor is perhaps one of the most important 
of North African ardieolciglcal researches for these inscriptions 
arc dues to the epigraphy of a lost empire, to new artistic designs, 
fo new religious customs. and to the new names of Carthaginians 
of Hannibal and Hunno ! s days. 

We dug up several beautiful stela? in n very fine grain of stone 
and the designs were of great variety and workmanship. Temple 
columns, the iree of life, lotus flowers, Carthaginian priests, the 
sacred plates, uplifted palms, dolphins* and other mystic symbols, 
have rewarded the excavators* efforts. One of the most interesting 
discoveries was made at the base of a groat walk While supervis¬ 
ing the digging from floor C, one of the students of the British 
school at Rome, who collaborated with us in this work, came run¬ 
ning from that section of the excavations selected for his minute 
supervision, to report the finding of a beautifully sculptured stele. 
In a few moments willing hands hail dug away the soil and reached 
an entirely now type of Punic stele showing a priest with uplifted 
hands finely sculptured at its face. The Abbe Ch&bot at once 
took a squeeze, an important action that is taken the moment a 
new inscription is located. (Hie archeologists and students were 
all supplied with squeezers to be able to take an impression at a 
moment's notice.) The Abbe Chabot at once announced a new 
form of Fume epigraphy+ It was a maledictory curse of Hnal 
Ammon— M Whoever overthrown this stone shall lie shattered by 
Raul ” * * * it commenced. 

A few minute- Inter another inscription appeared with a maledic¬ 
tion of Tim it ‘at the violators of the sacred silence of the area of 
the Temple of Tsnit, 1 * A line Punic inscription placed in the new 
Museum for safetyV soke, bears a genealogy of 15 generations, or 
approximately fiOO ye ars of a Carthaginian family whose origin goes 
back to the Fhcenician founding of this Tyrian colony > This Held 
of stelm has only been u tapped/' and it is impossible tn calculate 
the amount of information we may derive from this excavation in 
regard to the history of Carthage, 

The inscriptions of Carthage dilfer slightly from those of ancient 
Phoenicia and they are important additions to the epigraphy which 
forms the hist known alphabet of mam There is certainly a great 
field of scientific knowledge to be* published for the benefit of the 
history uf the ancient metropolis of North Africa, and from this 
ancient sanctuary, near which laps the sea of the ancients, snim- of 
I be mystery that siill surrounds the site of Carthage may in the near 
flit sire lie penetrated. 
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VOTIVE ALT ABB 

The votive altars need especial and separate .study of their own 4 
The forms and designs are so numerous tlmt nearly every day we 
find new specimens of Punic design and unknown examples. It 
would make an interesting study to corn pare the different specimens 
of these great altars with those of other antique lands to see if any 
likeness can be detected. 

The altars stand in the temple area in very close formation, under 
which wu found the sacred inns. They were actually covered with 
painted stucco, and we have found several absolutely intact with the 
valors still showing after nearly 27 centuries, They range from 1 
to 5 feet in height and are composed of a sand stone found at Cape 
lion. Many are in the form of the w betel ?t stone. This is the most 
common form found. And then comes in greatest number the figure 
of u mummy standing between columns; then the triangle of Trait, 
the Lozenge, the disk, the crescent,, and replicas of temples, with 
steps, are also quite common, Xour these altera hundreds of Punic 
lamps were found showing that many of the ceremonies must have 
been performed at night. Babies* milk bottles, Punic coins, quantU 
ties of grim ashes, and pottery of great variety arc found around 
the altars, us well as strange symbols of little-known gods. 

J he excavation of this historic spot this year was under the Jirec- 
1 ion of Ahl.ie Chabot, membrr do 1/Institut, ami the greatest living 
expert uu the Punic inscriptions, and de Prorok, who purchased 
the site with a donation given by Air. and Airs. Nicholas Brady, of 
New- York. Maj. F* Shorey, of McGill Uriivci^itv, Mr. A, Duff, of 
Oxford University, and Mr. lh Harden, of the University of Cam- 
i n idge, Key de Vilette, of the Foote des Sciences Politic Pari% 
and Hon on G Neill, of St, Louis, Mo., who took the photographs 
iUustmE ing this article, made up the composition of the staff. AL 
Foiiis&ot, the learned director of the Service des Antiquites also 
supervised the work periodiqilly, All these factors insured the 
direful and proper scientific excavation and documentation of this, 
Ehe most important ruin discovered in North Africa in recent years, 
ft 1 i:ls lurned out to be a veritable treasure mine of antiquity, mul a 
wondei fid tiuce of the empire that once nearly conquered the an¬ 
cient world* 
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General View of twe Excavation or the temple of Taw it 








I- „v_ 


Smith Ionian Report, —0* PiGtaii PLATE 2 



1 left to Right, maoahs Renault, pere Challes, Mr. icaro Oisct^ 
VERER Of Tan it . Mr. Salvagen Mayor of Carthage, p£re Delattre. 
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Mr. Groseue. Director gf the new Museum. p£rg Hugenot, pre- 
Historic GuhatOfl Countess oe Prqrqk. Mr. Co-oki noham. u. s. Con¬ 
sul. Tunis, Mr, Poenssot. Dfrector Services des Antiquities, Baron 
□’Erlanger, ano Count de Prohok 
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I - Examples of Vases Found in the temple of Tan it, Many of Them 
Are Beautifully painted 



2 . The Home of the Expedition, Palais Hamilton at Sidj-Bou-Soud 
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THE SMITHSONIAN INSTITIJION 


(With 21 plate*! 

u The advancement of the highest interests of national science 
and learning and the custody of objects of art and of tbe valuable 
results of scientific expeditions conducted by the United .States have 
been committed to the Smithsonian Institution. In furtherance of 
its declared purpose—for the ‘increase and diffusion u f knowledge 
among men 1 —the Congress has from time to time given it other 
important functions. Such trusts have been executed by tlie insti¬ 
tution with notable fidelity. There should be no halL in the work 
of the Institution, in accordance with the plans which its Secretary 
has presented, for the preservation of the vanishing rates of great 
North American animals in the National Zoological Park- The ur¬ 
gent needs of the National Museum are reoonunended to the favorable 
consideration of the Congress” (President Roosevelts ihr$i mes¬ 
sage U* Congress.) 

In the popular mind, the Smithsonian In.-E imr ion is a picturesque 
castellated building of brown stone, containing birds and shells and 
leasts and many other things, situated in a beautiful park at Wash¬ 
ington, with another large adjacent building, often called ^the 
Smith sons an National Muse mu/' The Institution is likewise sup- 
posed to have si large corps of learned men. all of whom sire called 
“professors" (which they are not), who^ time is spent in writing 
books and making experiments and answering all kinds of questions 
concerning the things in the heavens above, the earth ben eat h, and 
the waters under the earth* 

Contrast this popular notion with the fact-:. The Smith sun inn 
Institution is an u Establishment," created by an act of Congre^f, 
which owes its origin to the bequest of James Smithson, an English¬ 
man, tt scEcnt ilie man, and at one time a vice president of the Royal 
Society, who died in Genoa in leaving his entire estate to the 
United States of America “to found at Washington, under the name 
of the Smithsonian Institution, an establishment fur the increase 
and diffusion of knowledge among men/' 

After 10 years of debate in Congress, turning partly on i ]ie ques¬ 
tion whether the Government ought to accept such a bequest at all 
and pul itself in the unprecedented position of the guardian of a 
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the *“* ttntl by enactment an 

i! * r l td ! >y thv namv oi 1fie Smitlu>onian Institu- 

PrHi^L»fc!rir n' °* tk ‘ United States, the Vice 

of tl J lW H Ch'ef Justice or the loiter] Slates, and the ,nembers 

l*f ' x lr ? ! Cabmel 11 I,as * J »’ " ^«tery, the executive 

jf^° f lC l t,<,,S Wh ° is 8,SM tho taqwc ‘he National 

Smithson’s money, which amounted to over haJf a million dollars, 

SllfflJ? VV ' tl T^ °f “ milli0n * * fortune in that day 
" f w « Jtllt <'> United States Treasury, tin* flown- 

inoni agreeing to pay perpetually i; p(it cent interest* upon it, 
in the fundamental act creating the Institution, Cbngrr**. as 

Sj? rr ? u r r ided ti,lU the Prasidca t aud the members of the 
ll l lnif? ' “ M l ,behl ° f tl,c Ift^tiLution-that is, should he 
1 „ K 1 H, r ? S<Slf_btlt that lluveri he less it should I* governed 
,* " B T . (> imposed of die Vice President and Chief 

J notice of the United States, three Regents lo lie appointed by the 

(0tdin * riiy the T,fX Resident), three bv 
« Speaker of the House of Representatives, and six to be selected 

of Whotn * hou|d *" residents of the District of 
t olimibiu, and the other four from different States, no two being 

, I the same State. The fundamentel act further provides that 
* creta 7 of v the Institution ulrcady delined shall also be the 

^iT l T f* r * "■ %Bl& Th " ^ primarily to 

r U " " >} °* H ° f *“*&" *'*d Cl, run is research; next 

3 iS r>f g* , “| ' ^logical and mineralogy 

rribl f "Tlf l r t,M ’ rnit< ; 1 »•*« Provision is ,1,. Lie 

i£7* .. . " f «-«-•»»** U» 
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gomory C. Meigs, President Noah Porter, lion, William Tecnmseh 
Sherman, Alexander Graham Bel!, the eminent Chief Just ices of 
the United States, and Presidents Fillmore. Johnson, Arthur, 
Roosevelt. and Coolidge. as well ns the President of the Confederacy, 
Jefferson Davis. 

.SECRETARY JOSEPH lIENitY, lSRMSttl 

The first meeting of the Regents occur red on September 7, 1810, 
and in the autumn of the same year they elected as secretary Joseph 
Henry, then a professor at Princeton, known for his extraordinary 
experiments on the electromagnet and other subjects relating to 
electricity. His name is perpetuated in the term " henry" the unit 
of electrical self-inductance. Under his guidance the fnstitution 
took shape, rtf another great man of science, the biographer would 
enumerate his classical publications and epoch-making experiments. 
Of Henry’s life and work from 1846 till his death in 1878, the great 
experiment wn« the Smithsonian Institution, and his memoirs its 
publications. Yet ha was also in the forefront of science in 
America, anil an honored president of the National Academy of 
Sciences. 

The work of the Smithsonian at first consisted, in the main, of 
the publication of original memoirs, containing actual contributions 
to knowledge, and their free distribution to important libraries 
throughout the world; of giving papular lectures in Washington, 
publishing them, and distributing them to libraries and individuals; 
stimulating scientific work by providing apparatus and by making 
grunts of money to worthy investigators; and cooperating with 
Government departments in tho advancement of work useful to the 
General Government. These were the principal methods employed 
by Henry to carry out the purposes of Smithson, for the increase 
and diffusion of knowledge. At the Smithsonian, loo. were initiated 
certain studies which afterwards became most fruit fill and have re¬ 
sulted in important Government work, most of the present scientific 
activities of the Government having grown out of ihese investiga¬ 
tions or been stimulated by them, such as. for instance, the present 
Weather Bureau, The beginning of cooperation in library work was 
at the Institution. Experiments in fog signaling, in the acoustics 
and ventilation of public buildings, and in numerous other subjects 
weio inaugurated. In fad, in these earlier days, with one or two 
exceptions, the Smithsonian was the sole representative of active 
scientific work directly or indirectly connected with the United 
States Government, its influence upon the character of private 
scientific work, too, was very great, since half a century or more ago 
the avenues for publishing were few. and the funds for the purpose 
slender. 
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SECRETARY HFESCER FULLERTON RAtRP, 187S-18S7 

In t8. r »t), Fitllertim ikird, a iliiitin^iislicd naturalist, was 

elected assistant secretary of the Institution, After Henry’s death, 
tit 1878. lie succeeded him us secretary, and continued in that office 
until his own death in 1887, 

Secretary Baird was for 87 years continually in the scientific 
service of the Smithsonian Institution and tile Government. He 
developed the National Muslim. An opportunity never to come 
again was presented by the many great expeditions sent by the 
(iovernrnent into virgin fields about this time. Hail roads were being 
built, territories surveyed, arctic and antarctic explorations were 
being made. The Army hud numerous outposts in the then western 
wilderness. Baird seized the opportunity and made the most of it. 
He was himself an indefatigable student of the collections, but even 
more, ho trained a school of young men almost as enthusiastic as 
himself, to whom, after him, is owing the great success of the 
museum. He was especially instrumental in organizing the system of 
international exchange of publications which remained under his 
direct charge until his death. He was the moving spirit in the 
establishment and organization of the United States Fish Commis¬ 
sion, and its commissioner from its foundation until his death. 
Methods which he invented for fish culture, and the studies of the 
natural history of our waters inaugurated by him. were epoch mak¬ 
ing. The marine biological station at Woods Hole, Mass., originated 
with him. 

From 1875 Doctor Baird was greatly aided by a young and enthusi¬ 
astic naturalist, George Brown Goode, who was appointed assistant 
secretary in 1887 . Doctor Goode’s untimely death in 1806 was a 
heavy blow' to the whole Institution and especially to the National 
Museum. 

SECRETARY SAMUEL PIERPOST LANGLEY. I6ST-J000 

Doctor Langley was the pioneer of the new astronomy. His won¬ 
derful vision and powers of delineation had made his early eye 
observations of the sums surface notable, but the chief contribution 
which he made to astrophysics was the invention of the bolometer, 
an extraordinarily sensitive electrical thermometer, and the applica¬ 
tion of it to the study of the energy of the sun, the distribution of its 
radiation in the spectrum, and the similar investigation of the radia¬ 
tion of the moon. He established the Astrophysics! Observatory at 
the Smithsonian Institution to carry on this type of investigations 
He is best Itnow'n to the public for his studies on aviation. Rescuin'* 
from ridicule this later highly important subject, he made careful 
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investigations of the physics of mechanical flight, and ns early m 
189G built large successful flight models with which lie conducted 
flights of nearly a mile. His 1 siter-construtted, man-carrying ms- 
chine unfortunately failed of a successful launching, but the device 
was undoubtedly capable of flight, as was demonstrated in 1914* 
when it was flown by Curtiss at Hammonds port. Doctor Langley's 
interest in the preservation of rapidly disappearing forms of the 
larger animals of the United States led to the establishment during 
his administration of the National Zoological Park. 

SECRETARY OHAELES DOOLITTLE WALCOTT, ELECTED 1907 

The fourth secretary. Dr. Charles Doolittle Walcott, elected in 
1007* had been in the service of the Geological Survey for over a 
quarter of a century* and from 1891 its director. His researches had 
covered many lines hut had been preeminent in Cambrian paleontol¬ 
ogy. Our knowledge of the earliest fossil forms of life is indelibly 
associated with the name of Walcott* Always forward looking* he 
had exercised a highly salutary and important influence on the 
developments of forestry and reclamation* and had been the trusted 
adviser of presidents and legislature He was also the moving spirit 
in the establishment of the Carnegie Institution* and has continued 
for many years highly influential on its board of trustees. During 
the World War* his services on numerous committees and in coordi¬ 
nation of -scientific activities were eminent. From 1017 to 1923, he 
wils president of the National Academy of Sciences* and in UY2Z 
was president of the American Association for the Advancement of 
Science. During Secretary Walcott’s administration the National 
Gallery of Art and the Freer Gallery were added as branches of the 
Smithsonian Institution. 

THE NATIONAL Ml 1 SLUM 

Gradually* out of the collections which had been kept In the 
Patent Office* the private collections of Smithson* and of appro¬ 
priations of It is money made by the Regents, and largely also 
through the results of the great exploring expedition of Captain 
Wilkes* there grew up a Srnith&onmri museum, one which was ex¬ 
clusively cared for from the Smithson fund* Partly through the 
greater activity of the Government surveys* partly through the 
gifts of private individuals, and also through the valuable objects 
presented to the United States Government by foreign, nations at the 
dose of the Centennial at Philadelphia in 1870, there was brought 
about the establishment of what is now known as the United States 
National Museum of the Smithsonian Institution, which in under 
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control of the Regents of the Institution* Groat buildings have been 
provided by the Government for the Museum, and it now receives 
direct support from Congress. This Museum has now the material 
belonging to the original Institution collected by the Smithsonian's 
own observers, together with much more secured through the Gen¬ 
eral Government, making in all almost lO t 0QO.OOO specimens. These 
constitute the foremost collection in the world in everything that 
relates to the natural history* ethnology’, geology* and paleontology 
of the United States, besides containing many valuable series in 
aTI these sciences from other countries. The collections have been 
visited hy over 20,000,000 persons and the Institution hm carried 
vetectbng of its specimens to every large exhibition held in the 
United Stotes, anil distributed over 1,000,000 sfiocimcns to colleges 
nnd academies, thus powerfully stimulating the growth of museums 
huge and small in every section of the country, 

THE NATIONAL GALLERY OF ART 

In the year 1^0. in the act of organ!nation nf Ihe Smithsonian 
Institution, the Congress of the United States directed the formation 
of a gallery nf art for the Nation* Eveil at a somewhat earlier date 
it gave encouragement to such a project by grouting an act of in¬ 
corporation to a private society, whose col lections were eventually to 
be ceded to the United States, The assembling of art objects under 
the chartered association begun in 1840 t and under the specific pro¬ 
vision for a gallery in 1S49. The two collections were united in 1862, 
since which time the subject of art as a museum feature under the 
Government ha^ continued in charge of the Smithson inn Institution, 
in accordance with the terms of its establishment in 1848. 

Mrs, Harriet Lane Johnston* niece of President Buchanan, and 
mistress of the White House during bin term of office, assembled at 
her home in Washington a small collection mainly of paintings, in¬ 
cluding examples of the work of several distinguished masters* 
which, upon her decease in 1003* it waa found had been bequeathed 
to the National Gallery of Art whan one should be established by 
the Government. In ignorance of the fact that the necessary means 
for carrying out her wishes were already in existence. Mrs. Johnston 
named a temporary custodian, but under conditions that were not 
acceptable. In a friendly suit which followed to settle some doubt¬ 
ful clauses in the testament, it was decreed by the Supreme Court of 
the District of Columbia that the collection of art contemplated in 
the act of establishment of the Smithsonian Institution was. within 
the meaning and intent of the law* the National Gallery of Art* 
The collection of Harriet Lane Johnston was accordingly awarded 
to the Institution, and mas received at the beginning n| August* 1W6. 
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To say that this aripiisitmn raised the department of nil to u stand¬ 
ard* if not to a size, appropriate to a National Gallery would lx. 1 ; but 
a feeble expression of its Import, or of that of the court's decision^ 
The generous act of Mrs. Johnston and the court’s ruling meL with 
spontaneous and gratifying approbation in all parts of the country, 
and the gifts which it has fed to up to the present time have ex¬ 
ceeded. the most extracogent expectations. 

The national collections have increased rapidly; chiefly through 
gifts and bequests of art works by patriotic citizens. Until the 
beginning of the year 192&-21, no appropriation had l>cen made for 
the gallery or for the purchase of art works, and no provision for 
the employment of a salaried curator or other employees of the 
gallery * nil works of art being associated with the department of 
anthropology of the National Museum. 

Fortunately a liberal private fund became available in Iftlft for 
the increase of the collections. The will of the late Henry Ward 
Ranger provided the sum of $200,000, the interest of which is to l>c 
devoted to the purchase of works of art for the National Gallery* 
the carrying nut of the bequest being intrusted to the National 
Academy of Design. The provision is as follows; 

All pin ares my pinviiit**] are to Tte riven, by 111e council lo art InittSbitloaB 
In America, or Th> any library nr other InsHtutluns In America maintaining 
n gallri? open in Hie nolilic* all audi %ltt* tty be u\*m the exptw condition 
daat Ihe National Gallery ut Wa*hlorinn. mlmlnLfU^rwl by tile BmtHiMHilnii 
Institute, stall have the ojitlon a ml right. without cost* hi take, reclaim, and 
own ony jilciun' for their Collection, provliJod they nerriw* um-li option and 
rhrlit hi any time rluriua Hie Qve-yenr iwrlcri bcgitmlna 10 years after tin- 
artist's dealt! and ending 1.1 year* after his dealt); and. If *utli option mid 
rlutu Is act exercised during Hitch iioriml. the picture SbulJ remain utitl ike 
jirep&rry of the IdhtIMi tloti to wlijrii ti tin first riven. 

By the action of the Siity-sixth Congress in providing "for the 
administnifiiin of the National Gallery of Art by the Smithsonian 
Institution, including eboapeosutiwi of necessary employees and 
necessary incidental expenses,” its connection with the Museum was 
severed and it became the seventh Government bureau under the 
administration of the Institution on July L 1920. 

On May 27. 1021 t the Board of Regents of the Institution* having 
the future of the gallery in mind, took the initial steps in the estab¬ 
lishment of the National Crullery of Art Commission, formulating a 
plan of organizaturn and naming a committee of eminent men in¬ 
terested in the line arts to perfect the organization. 

The value of the National tlallcry roJI^iifms nlready in hand is 
estimated at several mill tan dollars, their acquirement being due in 
the generous attitude of American citizens toward the National 
Gallery of Art. It can hardly be doubted that when i\ building is 

itmi— 
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provided in which contributions can be cared for adequately, and 
exhibited to the public in die manner they deserve, many collectors 
seeking A permanent home for their treasures will welcome the op- 
fHjrtunity of placing thorn in the custody of a national institution. 
The providing of u suitable building for the gallery is all that is 
necessary to make Washington in the years to come an mi center 
fully worthy of the Nation, 

TBM HBHKTt OAIjLERY OF AltT 

1 lie ml lections n 1 st a I lei I in the Freer Gallery of Art wen* brought 
together by Charles Lang Freer, of Detroit. Mich. They represent 
the results of Mr. Freer "s personal study and acquisition over a 
|ieriod of about 35 years, the earliest of his purchases incorporated 
in rhe collections dating from the later eighties. 

During the administration of President Roosevelt, these collections 
were presented by Mr. Freer to the Nation, with the understanding 
that they should be placed under tbs direction of the Smithsonian 
Institution! Mid on May ft, 1006, the formal deed of gift to the 
Smithsonian was executed* 

The building m which the collections urc now installed was given 
also by Air. Freer, who requested that it be used exclusively for his 
collections. In accepting this gift, the Government agreed to care 
for and maintain the building and collections at the public expense* 
although in addition tn these provisions, Mr. Freer created an en¬ 
dowment. the income from which was to la* used for certain specified 
activities anil developments which he wished to have earned on 
after his death independently. ] f need be, of congressional appro¬ 
priations. It was, furthermore* his expressed desire that his gift 
should become a unit of the National Gallery of Art which he hoped 
would be erected in Washington in the near future, and tu which lie 
felt confident additional units would be given by other collectors 
who might think, as he did, that such a foundation at Washington* 
under the control and direction of ihe Government, would mean the 
development of an important center for cultural research m both 
art and science, 

Mr. Freer was convinced that the mors nearly a cultural object 
of any civilization expresses the underlying principles of artistic 
production in soundness of thought and workmanship, the more 
nearly it takes ds place with other objects of equally high quality 
produced by any other civilization; and with that in view, be was 
intern upon bringing together such expressions of western nnd east¬ 
ern culture* ^nied to him to emlsody nt their best those char- 
leteristics which he believed to U- inherent in all works of art 

Froin 0m> Went. hr uxpurtd principally Anm-icnn painting bv 
men, Inheritor** of Kiiropvun mnliiimis. in whose work ho f«mmj 
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Exhibition gi? Fossil vertebrates, U, S. national M-uscum 
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Gfiogp of African Lions from Roosevelt Expedition, u. S. National museum 
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Exhibition Group of Beni mo Strait Eskimo. U. S f national Museum 
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WORKING MODEL OF COAL MINE, U. S. NATIONAL WuhEUM 
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jaccuacd Machine?, u. S. Natichal Museum 
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qualities and tendencies sympathetic with them of earlier painters 
in China and Japan, 

From the East, he gat lie rod paintings, potteries, sculptures in 
*tone. in wood and in lacquer, bronzes jades, and objects of various 
other materials. The Chinese field is represented by the largest 
number of objects covering the longest period of time, but Japan, 
Korea, Persia and the Near East are represented liberally. 

The Freer Gallery Building, the Freer art collections, and the en¬ 
dowment which Mr. Freer provided, represent many miIItons 
of dollars, m that this is not only the largest benefaction fiver en- 
trusted to the Smithsonian institution, but the most generous gift 
ever made to art. 

THE BUREAU OF AMERICAN ETHNOLOGY 

The Bureau of American Ethnology was organized in 1B19 
and plum! by Congress under the supervision nf the Smithsonian 
Institution. It was directed that nil the archives, records, and mate¬ 
rials relating to the Indian tribes collected by the Survey of the 
Rocky Mountain Region under the auspices of the Interior Depart¬ 
ment should be transferred to Lhe 1 mst i tut ion for use by the bureau. 
Prof Spencer F. Baird, Secretary of the Institution, reoognMng the 
great value of Mnj. J, IV. Powell'* services rn initiating resemrehes 
among the western tribes, selected him m the person beat qualified 
to organize and conduct ihe work* 

The National Government had already recognized the import an re 
of researches among the tribes. President Jefferson, who planned 
the Lewis ansi dark expedition of 1SU4-1S0G, “ for the purpofft of 
extending tlic internal commerce of the l nited States,” especially 
stipulated, in his instruction* to Lewin, the Observations on the 
native tribes that should be made by (he expedition for the nee 
nf the Government, The Government also aided the publication of 
Schoolcraft's voluminous work on the Indiana The various War 
Department expeditions and surveys had reported on the tribes and 
monuments encountered in the West; the Hayden Survey of die 
Territories had examined and described many of the cliff dwellings 
and pueblos* and had published papers mi the tribes of the Missis¬ 
sippi Valley; and Major Powell, a* chief of the Survey of ihe Rocky 
Mountain Region, bad accomplished important work among the 
tribes of the Rio Colorado drainage m connection with his geological 
mid geographical researches, and had commenced a series uf publica¬ 
tions known as Contributions to North American Ethnology* The 
Smithsonian Institution bad also taken an active pun in the publi¬ 
cation uf the results of researches undertaken by private students. 
The first volume of its Contribution* to Knowledge is The Ancient 


584 AifNcrAii hepobt kmjth&dnian iNSimmoNj ibss 

Monuments of the Mississippi Valley, by Sqtrnr and Davis, and up 
to I lie founding of the Bureau of Ethnology the Institution had 
imwd upward of $00 paper* oji ethnology and archeology. 

Tiie work of the bureau bus embraced a wide range. It ivus found 
that within the ami with which the nation Iieis to deal there arc 
spoken some 5O0 Indian languages, os distinct from one another as 
French is from English, and that those languages arc grouped in 
more than 50 linguistic families* 

Some of the more directly practical results accomplished may be 
briefly mentioned: (1) A study of the relations, local ion* and 
numbers of the Eribcn, ond their classification into groups or families, 
based on affinity in language—a necessary basis for dealing with the 
tribes practically or scientifically; (2) n study of the numerous 
sociologic, religions, and industrial problems involved, au acquaint- 
tnce with which is essential to the intelligent management of the 
tribes in adjusting them to the requirements of civilization; {^) a 
history of the relations of the Indian and white races embodied in a 
volume on land cessions; (11 investigations into the physiology, 
medical practices, and sanitation of u people who miller keenly from 
imperfect adaptation to the new renditions imposed on them; (5) 
the preparation of bibliographies embodying all works relating to 
the tribes; (6) a study of their industrial and economic resources; 
(7) a study of the antiquities of the country with n view to their 
record and preservation; and (8) is handlsook of the tribes, em¬ 
bodying, in condensed form* the accumulated information of runny 
year?* So valuable has this hnndlsook proved, not only to the student 
of etiuKslogy hut to the general public, that three editions have been 
published in the United State?* and the Canadian Government has 
also reprinted a part of the work* 

The more strictly scientific results i cl ate to every department of 
anth ropi >logi c r esr a rcl i—phy s i cs I, psycho I ogi ca I, li nguis tk ■. soc io - 
logicreligious, technic, anil esthetic—and lire enibudied in niUtiernus 
pa pci's published in the reports, contributions, and bulletins: and the 
general results in each of these departments have Ihceii compiled 
and collated by the highest available authorities, 

THE ASTHOPilY^TCAIj OBSERVATORY 

This world is habitable Ihhmiiisp its temperature lies between 
frrH'Kmj' tin.] twUilitf. IVhat keqie it mi The ruvs »f lh<^ sun warm 
it. I he raj’s <»f the earth n«tj it. The atmosphere, with its water 
rtijxiPj its Amult and flu*. obstructs Liie pn^pe <,f J„th tile sun r^ys 
ati.l the earth rays. The Astrophysicnl Observatory is the onlv 
institution m the world that i* melons a ^aerai study of thc^ 
fundamenta! things. It has derbod and oonstnicted several types 
of njjpanitus for the*? measure manta which hare become the stand* 
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ards of the world* The indents the Babylonians, the Greeks, and 
others made no measurements of the quantity of heat received from 
the sun* We can not Lei I accurately from any recorded observa¬ 
tions prior to the rear ItMJO what was then the intensity of the sun's 
heat output. Since iSHJif the AetrophysicaJ Observatory has made 
every year many exact nieosurelinkts, so that OUT successors will be 
able to compare their observations, even centuries hence, with those 
which we are now making. 

Early in this series of observations it appeared that the sun's heat 
is no! coin-lant but variable. In other word:?, the sun is a variable 
star. Tills discovery, which was made about the year 19U3, Ijilh been 
confirmed by expeditions to California, Africa, Sooth America, and 
elsewhere, including measure nmols made at the summit of Mount 
Whitney, the highest mountain in the United States, Since ISH8 
the institution has maintained two statiotus—<ine in the United 
States, one in Chile— cooperating to observe the sun's variation. The 
reraIts are being used in several countries for weather forecasting. 

The original establishment of the Astrophysics! Observatory was 
made with funds from private sources* Small Government appro¬ 
priations for ii have been available since 1801. A part of the income 
derived from fund* given to the Smithsonian by the late .Mr, Thomas 
G. Hodgkins for atmospheric investigations has been devoted to its 
work since 1917* Mr* John A. Raiding contributed largely to its 
rapport from W20* 

TUB NATIONAL ZOOLO01CAL PARK 

Secretary Langley, though an astronomer and s physicist, had 
been very strongly impressed by the fact that all of our largest and 
most interesting wild animals were rapidly Approaching extinction. 
He conceived the idea of securing a tract of country, as primitive as 
possible, that might he made a lasting refuge for these vanishing 
races. He urged this project upon the attention uf Congress and 
after three years of effort, in which lie was supported by men of 
science and educators m well as by luvera of animals, an initial 
appropriation of $200,000 was made for the purpose in the year 1890. 

This sum was expended for the purchase of 107 acres of laud, 
beautifully diversified with woods ami streams, in the suburbs of 
Washington, A collection of about 2,000 living animals is now 
the feature of the Zoological Park. There arc numerous paddocks 
anil ranges for buffalo, deer* and other large mammals [ lakes and 
pools for waterfowl, seals* beaver, and other aquatic species; out¬ 
door cages, Home of large size, fur hardy birds und mammals; and 
house* and shelters for species requiring special cAre or heated 
quarters during the winter months. The yearly public Attendance 
exceeds 2,000*000 persons* 
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INTERNATIONAL CATALOGUE OF SCIENTIFIC LLTEHA'l'OBE 

The Regents nf tin- Smithson mu Institution authorized Secretary 
Henry to suggest, ut the Glasgow meeting of the British Association 
fur the Advancement of Science in IftfVS, the formation of n catalogue 
of scientific memo ire. Tiie Royal Society of Great Britian approved 
the suggestion and .secured a grant from the British Government, 
under which many volumes of such a catalogue appeared. In the 
first volume we read: “The present undertaking may be said to 
have originated in a communication, from Dr. Joseph Henry, Secre¬ 
tary of Hie Sm ithsonian Institution," 

In March, 1S!M, the Royal Society issued a circular U> learned 
institutions throughout the world proposing a great international 
Scientific Subject catalogue. At the invitation of the British Govern¬ 
ment the United States was represented, through the Smithsonian 
Institution, in 1895,, in a conference on this matter. The project 
finally took shape in 1900 as the International Catalogue of Scientific 
Literature, and by the assistance of the Smithsonian Institution, 
sufficient private subscriptions were secured in the I nited States, 
in addition to those received from other countries, to warrant the 
publication of the work in England. 

Until 1006 the cards representing publications of the United States 
were prepared by the Smithsonian Institution at the cost of its 
private funds. Since 1,906. tin- Regional Bureau for the United 
States has been maintained ul the Smithsonian Institution under 
Government appropriations. 

PUBLICATIONS 

‘■The diffusion of knowledge” is accomplished by the Smith¬ 
sonian Institution by generous correspondence, in which it annually 
answers thousands of inquirers, and through its various series of 
publications, which have been voluminous during 8U years. There 
being no restriction in scope, every branch of science has been dealt 
with, including anthropology, ethnology and archeology, botany, 
zoology, mechanics and aeronautics, physics, chemistry, geology, 
niitronomy and astrophysics, meteorology, physiology, and many 
. other subjects. In all, over 6^00,000 copies and parts have been 
distributed to institutions and private individuals, these works funn¬ 
ing in themselves a scientific library in all branches. Its publica¬ 
tions are probably the most widely known phase of the Institution s 
activity, and it is certain that a great impetus has been given to 
scientific progress in this country through their use by scientists, 
research workers, teachers, students, and all others engaged in the 
increase and promotion of knowledge. 

The Smithsonian '♦‘lies nf tables—Physical Tables, Meteorological 
Tables. Geographical Tables, and Mai hemal leal Tables -have lung 
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been sin in huil works uf reference, and the continued demand for 
them has necessitated several editions of each. b+ Smithsonian Mathe¬ 
matical Formula and Tables of Elliptic Functions t? has recently 
been mlded to this series. 

The Smithsonian publications, together counting a total of well 
over 250,000 printed page* since IS4G. arc as follows: (I) Annual 
Reports of the Board of Regents to Cotigi^ } containing every year 
a general appendix composed of popular articles illustrating recent 
progress in every branch of science and research; (2) Smithsonian 
Contributions to Knowledge* extended memoirs in quarto form em¬ 
bodying the results of important original research ; (ft) Smithsoniao 
Miscellaneous Collections, containing scientific papers on the most 
diversified subjects, soma of which have considerable popular in¬ 
terest; (4) Annual Report* of the National Museum; (5) Bulletins 
of the National Museum (including Contributions from the National 
Herbarium), which contain accounts of original research by the staff 
of the Museum or on the Museum collections; (0) Proceedings of 
the National Museum, technical papers on the collections, and routine 
scientific work of the Museum; (*ji Annual Reports of the Bureau 
of American Ethnology* which are enriched by accompanying papers 
on ethnological and uivliwlogicnJ subjects; (ft) Bulletins of the 
Bureau of American Ethnology, containing accounts of resear cl i by 
members of the stalf of the bureau on the custom*, languages, and 
archeology nf the American Indians: (10) Annals of the Astro- 
physical Observatory, which are extended accounts nf the results 
obtained from the original investigations of the Observatory; and 
ill) Catalogues of Collections of the National Gallery of Art, 
These various publications may In* seen on the shelves of every Im¬ 
portant library In the world. 

LIBRARY 

Partly by purchase, but in the main by exchange for these pub- 
lies times. the Institution has assembled a library of over 900,000 
volumes, priueipally of serial publications ami the iruussclions of 
learned societies, which is one of the notable collections of the world. 
The major portion of it. now over 800,000 volumes* has been since 
I860 deposited in the Library of (Congress, with which establishment 
the most cordial and mutually helpful relations exist. The re¬ 
mainder, about 100,000 volumes, is kept at the Smithsonian and its 
branches for easy reference. 

T NTKll NA Tl (L\AL EXCfffANt ! ER 

As another means of diffusing knowledge there was early estab¬ 
lished the Bureau of International Exchanges, originally intended 
simply fnr the proper distribution nf the Smithsonian's publications, 
but which gradually assumed very wide proportion^ becoming no 
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less thin an arrangement with learned ^oc ieiics throughout the world 
to reciprocally carry free the publications of learned societies, or of 
individual scientific men, intended for gratuitous distribution. 
This system wjis afterwards taken up by various governmenta which, 
through treaties bcrniui theniJjHvp# to exchange their mvij pnLHca- 
itims in the same way. Sincii the inauguration of this service, over 
hijHjujhno pounds of Uioks and pamphlets have been corned to every 
part of America mid eu all other countries uf the world* The Institu¬ 
tion, existing not only for America, hi which it has over 20 ? 00t> 
correspondents. but for the world. lias throughout Europe, Asia, 
Africa, and Hie islands of the sru. over 40,<H>* correspond cuts—more 
outside the United states than wiHi in—justifying the words 44 Per 
1 IHmpiu '■ to the device on the Smithsonian seal. For many years 
carried on solely at the expense of the Smithsonian private funds, 
a small yearly grant from the Government for the exchanges was 
begun in lflfll. Since the year 1S8G the cost of the exchanges has 
been mainly borne by congressional appropriations, 

llXI KI^TiMN*!. KX PLOItATKUXS, axd exhibitions 

In till its history the Smithsonian Institution has been promi¬ 
nently connected wit El the exploration of little-known districts of 
the earth, and the collection of specimens and scientific data from 
them. In many of ibc Government surveys the Institution has 
cot* grated. Tin- great National Herbarium. which for a long time 
has Ea-cn housed by the Smithsonian Institution has been enriched 
by its expeditions- The famous Roosevelt African Expedition, 
which brought hack a rich collection of African fauna, was carried 
out under Smithsonian auspices. Extensive collections representing 
the East and West Indies, Australia, mid Southeast Ada have been 
made for die Smithsoman Institution for many years by the gen- 
v rosiiy til Dr, Willuiru L Abbott, A nil col rigy, astronomy, botany, 
ethnology, geology, paleontology, zoology, and other sciences have 
all benefited by the journeys of members of the Institution's still! 
lo distant Iniub, Xoiablc among such expeditions arc the solar eclipse 
expeditions, the solar radiation ex [editions. Doctor Fewkcss explora¬ 
tion s of prehistoric American ruins in t lit- etmtliwcsi, and Doctor 
VV a heats Htudies of Cambrian fossils in the Canadian northwest. 

The Smitlmmnn Institution has participated prominently in 
almost all of the large cxjiodttDEis heir! in the last 50 years in 
America and Europe, Very numerous diplomas and medals attest 
the appreciation which its exhibits evoked. 

For the promotion of education large numbers of specimens have 
been distributed to schools and colleges throughout our country. 
These specimens are fully Intwled and described in a way to assist 
jn the instruction of pupils. 
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THE SlMlH^KlNS XSU LANGLEY MEHAL3 

Tbe Hodgkins gold medal was established by the Smithsonian 
Institution to be awarded for rmportam onntribilious to thy knowl¬ 
edge of the nature i mil properties of atmospheric air, or for prac¬ 
tical applications of exiting knowledge to the welfare uf mankind. 
It was first Lratawed, April 3 ? HS09, un Sir James Dewar, F. It. S,. 
and second, October 28 t 1002, on Prof. J* J. Thomson, F, U. 8. 

The Langley medal was cs( ubllshcil in memory of the late Secre¬ 
tary Samuel Pierponl Langley and hi* contributions to the science 
of aerodroniu s M to W awarded for specially meritorious investiga¬ 
tions in connection with the science of a e rod rum ice ctud its appli¬ 
cation to aviation," T!j is medal was presented in 1010 to the broth¬ 
ers Wilbur and Orville Wright, and in 191$* to Mr. Glenn H* 
Curtiss and «M. Gustave KiiFcl. 

THE NATIONAL ALYiSuUY riiMMIHEK FOtt AER0N ATTICS 

In (lie year 15)15, the Government established the National Ad¬ 
visory Committee fur Aeronautics, in which representatives of the 
Army and the Navy, the Weather Bureau, the National Bureau of 
Standards, and other* were drawn together for the promotion of 
the national defence. Secretary Walcott, of the Smithsonian Insti¬ 
tution, acted tu> a member and chairman from its organization* and 
the meetings were often held at the rooms of the Institution. 

CONCLUSION 

As we thus briefly survey the history of the Smithsonian Institu¬ 
tion, it* past achievements, and its present development, we can not 
fail to be tremendously impressed by the fruitfulness of Sodthsorfs 
bequest. An intastnwnt in science is as sore as a United States 
bond. All history, and especially the history of our own time, 
proves it. If investigation had always twen limited to subjects 
promising to have utility, we should still be in the dub ages* The 
enlightenment of the human mind brought almut by the study of 
astronomy, for instance, has a value not to be measured by dollars 
and cents, but by the safety of life and property from religious per¬ 
secution and by the advance from stipend it ion and ignorant fear of 
nature. On the other hand, ir would be easy to cite many investiga¬ 
tions of apparently merely curious and trivial phenomena which 
later on came to have commercial utility. One will suffice. As lare 
as IBLK1 no “ practical m.in f " would have dreamed of investigating 
the conduction of electricity through rarefied gases. Konlgeirs dis¬ 
co verv of X rays in 1805 was not in the least influenced by utility, 
but came out of pure research work in that field. Think of X-ray 
hospital work nowadays I Moreover, every department store car- 
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ries radio outfit^ with their thermionic amplifiers* whirl I also are the 
children of Ihdt smut ime of pure research. 

Hertzian waves have become radios Pasteur^ bacilli have led up 
to the Mayo brothers 1 surgery and the abolishment of vdlow fever; 
Faraday T s and Henry’s electromagnets have I wo me dynamos and 
telegraphy and the whole world is revolutionized in a century by 
the discoverers who worked not for utilities but for knowledge. 
Vet it is ei mean, stunted mind that necs only tilings like autos and 
electric lights as the foremost rewards and justification of science- 
What the sculpture of Phidias, the painting of Raphael. the music 
of Beethoven* the language of ihe Bible* are to the finer departments 
of the mind* such also, and quite u> wholesome in (heir Influence on 
private life and public conduct, tire those studies of the atomy the 
universe, and the march of life, which form science. 

If any of our research institutions deserves public benefactions, 
most of all it I* tin- national Smithson Ian fnaii Lotion - Founded by 
an Englishman, ..Tames Smithson* “ for the increase anti diffusion of 
knowledge among men/' it has been the parent of the Weather 
Bureau, the Fish Commission. thr National Museum, the Bureau of 
American Ethnology, the Ideological Survey, the National Zoological 
Park, the Astrophysics! I Observatory, the Bureau of International 
Exchanges (of Scientific intelligence J, and the National Gallery of 
Art: it has contributed largely to the Library of Congress and ha< 
had it part in many other valuable enterprises. In its reports and 
technical papers the inquirer may find in accurate form, sometimes 
popularly. sometimes technically expressed, the whole progress of 
human knowledge. Not only that, but in a daily correspondence 
which taxes its small force of experts and clerks, it lias answered 
hundreds of thousands of inquiries for useful or technical informa¬ 
tion. Though some of the bureaus just named have split away front 
the parent organization, the Institution is still charged hy < ougress 
with the care of eight of them. These administrative duties employ 
much time of the staif and in some measure prevent ilm promotion 
of projects for the advancement of science. 

Liberally endowed at the beginning, the resource of the Smith¬ 
sonian Institution have not kept pace with the growth of our country. 
Other research Inst Hu Lions have far outstripped this ward of the 
whole Nation in their means for carrying on the investigation of 
nature. Loci*! pride seems to I nave outrun national pride in the 
premotiou of great scientific emlow merits. Thus it remains that in 
the year 1925 the yearly income of rise Smithsonian endowment still 
is less than $70,000, and totally inadequate to the opportunities which 
the institution's prestige and eminent connections are continually 
presenting for maintaining its beneficent service to humanity. 
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By the death of Sik Abchtbald Genua on November 10- 1»24. 
British geology has knit its leader. and the Geological Society its 
most eminent Fellow. From an early age to the end of Ida long lift' 
he made the interests of the society one of his first cares. Fleeted 
ft Fellow in iBfifl, he served on the eon rail in Sssa and for many *uh- 
sequmt years. 11 b was a vice president in ltjSti— iHiiS and president 
in lSUO^lSSa. On the occasion uf the centenary of the society in 
190", he acceded to a generally expressed desire that he should pre¬ 
side for a second term (l&OtMHUfi), and on relinquishing the chair 
was elected foreign secretary. For many years he had Ihwii constant 
in his attendance at the meetings, and when advancing years ren¬ 
dered this impossible, he tendered his resignation: but. at the unani¬ 
mous request of the council, he continued to perform the duties of 
the post to the end of his life. 

He was born in Edinburgh oo December &S. I Si! 3. For the details 
of his early life we are indebted to his autobiography, "A Long Life's 
Work.” This volume, which was published only a few months be¬ 
fore his death, shows no signs of waning powers or of failing 
memory. In it lie describes the innumerable functions in which lie 
took a leading part, the appointments which he held, bis travels, and 
some of the many honors that he received. He dwells, too, on the 
friends whom he made and on the encouragement which lie received 
from them as a young man and in after-life; but more especially 
interesting to us is the revelation of the inner thoughts of a hoy who, 
in obedience to a natural lient and rather to the alarm of his father, 
made geology the occupation of his life, and eventually attained the 
highest posts open to a man of science in this country. 

A dormant love of geology was roused accidentally soon after he 
loft school. The finding of a fossil plant in n block of limestone in 
BtudlehtHJse Quarry set his active mind speculating on the relics of 

L R,.ji r iutfil bf jkhpUiUhi fnmi Ttw* yuiirtiTlr JOtu-tUl .if til" OM.tri*T*l *1.1,1* Vul 
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past ;tg< i s that wore entombed in I lie erust of the earth, and from 
that moment the rocks and their fossils became increasingly the 
subject of his thoughts. He made the acquaintance of Robert t ’ haiu- 
bo rs, afterwards known to In? the author of ihe ” Vestiges of Crea¬ 
tion/’ and of other geologists, and read every book on geology that 
he could lay hands on, deriving, however, a greater stimulus from 
the enthusiasm and literary charm of Hugh Miller's "Old Red Sand¬ 
stone” than from some more informing works, Rut, more than by 
any (took, he was inspired by his own study of the rocks near Edin¬ 
burgh, with their abundance of fossils and of evidence of ancient 
volcanic outbursts. 

Though the boy’s Ijent was clearly indicated, Ids fattier found 
it difficult to believe that a study »{ geology could provide u 
livelihood. He arranged, therefore, that young' Geikie should 
become a banker, after u preliminary training for two years in a 
lawyer’s oil’ll. The interruption was brief, for the boy’s heart 
was among the hills of Midlothian and far from the office. He 
was out in the field again long before the two years had elapsed. 
Determined, however, to pursue literary studies in addition to 
science, he matriculated at Edinburgh University in IHn-l as a 
student of Mu inanity (that is. Win), and although domestic cir¬ 
cumstances prevented him from completing the course-, he gained 
the reputation of being one of the best classical scholars of his 
year and the best writer of English prose among his doss fellows. 
The literary ability ihus shown proved to be one of the principal 
factors in his success in after life. 

Tii the meantime Geikio had been prosecuting geological work 
in Skye with such success that he impressed the geologists of the 
day as a young man of unusual promise. When, therefore, recruits 
were inquired for by Sir Roderick Murchison, then Director General 
of the Geological Survey, lie was warmly recommended by Hugh 
Miller. A walk over Arthur's Seat with Ramsay, at that time Local 
Director, took the place of the examination of later days, and the 
apjxdntment was mode in 1855, After a year’s training in the 
Held with Ramsay, the young geologist was regarded os competent, 
and was set to work in the surroundings of Edinburgh. He found 
time, nevertheless, to complete his work in Skye, and to write an 
account of it, which was communicated to this society in 1857. 

This period he found to lw the most studious of his life: but, how¬ 
ever great might be the calls upon his endurance, he never faded to 
make time for companionship with the classical authors and with 
the best English writers from Chaucer to our own day. The spirit 
with which hi* was imbued in his Held work in I test expressed in 
his own words: “The work on which 1 was now engaged, and to 
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which I hud dedicated mv life, was not merely an industrial employ¬ 
ment; the means of getting a livelihood; 11 pleasant occupation for 
mind and body. It often wore to me an aspect infinitely higher and 
n0 bkr. It was in reality a methodical study of the works of the 
Creator of the universe, a deciphering of His legibly written record 
of some of the stages through which this part of our planet passed 
in His h&hdfi before it wus shaped into its present form (A 
Life’s Work. pp. 55, 56). The deep joy that ho felt in the study 
n f nature had to be shared with others, and in um h« produced 
a little book, "The Story of a Boulder,” the iirst of a long series 
by yrhliAx lie curried bfc messap? to all parts of the civilisstd worlik 

Tti ISfiO it fell to Geikie to complete the Life of Edward Forbes, 
which had been left unfinished through the death of Prof. < iGorge 
’Wilson. Some of Forbes’s relations hesitated before intrusting tlie 
task to so young a man, but the book, when published in 1861. showed 
that the confidence felt in him had not been misplaced. This was 
the first of several hiographii^ in which Geikte, with muny a kindly 
touch, recorded the [HTsotinlities and achievements of friends who 
had "one before him. It was followed in 1866 by tlie life of dames 
David Forbes, in 1875 by that of Murchison, and in 1805 by that of 
Ramsay. In all of them hi;- close touch with current geological 
research and his sound judgment enabled him to present n true 
estimate of the progress! in science doc to each of these distin¬ 
guished men. . 

In 1871 the natural history professorship at Edinburgh liilversitY 
was? divided into two, and geology with mineralogy liecame the 
subjects of a new professorship. Murchison offered to endow the 
new chair, on the understanding that lie should nominate the first 
professor. He put forward Geikie’s name, but the |*>wer to nomi¬ 
nate was objected to by the Home Office as an infringement of tlie 
prerogative of the Crown, and the Science and Art Department 
considered it inadvisable that the post® of director of the geological 
survey of Scotland and the professorship should be held by the 
same man. The appointment was made nevertheless, mainly through 
the exertions of Lyon Playfair, at that time member for the univer¬ 
sity. During his tenure of this post, which lasted till he was 
appointed director general of the survey in 188*2, Geikie did much 
to revive the renown of the old Scottish geological school. He Jiud 
at first no lecture room to himself and no diagrams or specimens, 
but made use of the exceptional advantages offered by the neighbor¬ 
hood of Edinburgh to conduct geological excursions, which are still 
gratefully remembered by his old students. 

In i860 Murchison invited Geikie to accompany lum to the High¬ 
lands, with the object of following up the conclusions to l* drawn 
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from Charles -Peach's discovery of Cum hr inn fossils in northwestern 
Sutherland. Writing In 1 ^24, G inkle admits tlmt this expedition 
li was a premature attempt * * * the true structure of the High- 
lamls was far too complicated in Ik* unraveled by desultory and 
hasty traverse®.- s Neither he nor Murchison had been able to doubt 
the evidence of their eyes LhaL in one section sifter another crystal¬ 
line schists overlay fossi lifer oils Cambrian strata with what ap~ 
vensy which has been lit id to rest for many years, and it will suffice 
to s»y that the apparent normal superposition with its far-reaching 
ranwi | nonces- found no acceptance with Nicol, lied die. Callaway, 
Bouncy. und ottiers, (reikitv partly perhaps through loyalty to his 
chief, for hmg refused to give way. and it was not till Lap worth 
had made his exhaustive examination of the whole Dumess-Brribol 
region that lie arlmUh-d his error. Once convinced, he hastened to 
ronvrt it. He intruded the surveying of the region to B. N. Pencil 
and J, Horne, who with their colleagues produced what was prob¬ 
ably I he most detailed and masterly study of overthnisting on a 
great scale that had ever been made. 

The succession cuf strata in the Moffat and Qirvan districts was 
determined in suiucwtiitl similar stages. There also It had Iktu 
masked by earth movements. Faults anil excessive plica lion had 
repeated the same beds over and over again, and it wuis only by 
detailed surveying and intensive study of the fossils that LflpWOrth 
unraveled the tangle. His predecessors had been content to leave 
ns one group n series of strata varying extraordinarily in thickness 
mil petrological character, ami containing an admixture of fossils 
I hat were elsewhere characteristic of distinct formations He re¬ 
duced this enigmatical u granp '' to an orderly sequence. ouch mom- 
la?r of which was clistinc-t in character and fossils* and established 
correlation with other parts of the kingdom. It is interesting to 
see how closely these Highland controversies were paralleled in the 
I sited States, Than 1 the succeed on of the same rocks was m 
question. the same difficultly in determining it were encountered, 
und (lie same ini-ink— were made. The " Tnoomc System” founded 
in 1*42. formed the subject nf controversy for upwards of 60 years, 
until it wns finally proved to consist of Cambrian and Silurian 
strata folded anil faulted together in no sort of chronological 
order, [hat the first gtologtats to encounter problems so calculated 
to deceive should have failed t-« master them need cause no surprise, 
Bather should our sympathies be extended to pioneers who were 
fail'd with the impossible ta.^k of interpreting dislocations, l he 
rxbtancc of which could he a^rtamed only by prolonged and 
detailed mapping* But we may admit that our sympathy might 
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him* been winner hud Geikk\ true lover of nature as he was* shown 
more cordiality m welcoming the elucidation of the truth. 

There remains, however T to his credit n prosit record of original 
unchallenged work. Ho made u particular study of the r.omposi- 
tion and direction of transport of ihn Bowlder day, and noted the 
occurrence in it of si ratified lamb which hr attributed lu temporary 
amelioration of climate, Originally an advocate of the iceberg 
theory t he abandoned it in favor of Agassi/.’* views on ice sheets, 
convinced by the work of his colleagues in Scotland and by what 
lie saw in northern Norway, lie reeogniaed also among the Scot¬ 
tish mountains the ftxiBtem-e of moraine and gladerbome blocks 
and I lie sites of glacial lakes as; evidences of local glaciation daring 
the last phase of the Glacial Period, 

His great paper on the Old Red Sit ml si one of Western Europe, 
ii--' Ji piece of m utterly dc^Tipti^n, takes: high rank in geological 
literature. Ilis classification lias in Liu- main stood the lest of lime; 
blit, with characteristic relurtnnrr to change a view to which he 
find om-e committed himself, hr persistently declined to remove the 
Caithness Flagstones from the Lower Old lied Snmlsiomc though 
they differed fnm that subdivision (as known in the Grampians) 
lw>th in their fishes and in their plants. The flagstones appear in 
Gelkic s map of Scotland as Lower Old Red, hut on the geological 
survey maps as Middle Old lied Sandstone. 

Volcanic episodes in the history of the earth had engaged OHkir'n 
attention from the first* ;tnd in 18(5H he presented In the Royal 
Society of Edinburgh a paper on 4t The Chronology of the Trap 
Rocks of Scotland." in which for the first lime fin attempt was 
made to arrange the volcanic periods evidenced in that country in 
geological sequence, hi dealing with this subject he was not satis¬ 
fied till he had acquired the necessary experience by visiting the 
volcanic regions of Auvergne, the KifeL and Italy, and exploring 
the great lava fields of western America* In Auvergne* especially, 
ihe comparatively recent features displayed by volcanic energy 
enabl&d him to picture I he aspect of the ancient vents and lava flows 
of the Firth of Forth, In the United Stales he found reason to 
adopt Richthofen** view that the flat beds of basalt were due to 
fissure eruptions, and applied this interpretation to the Tart inry 
volcanic plateaus of the West Highlands. He summed up his ob¬ 
servations and conclusions in his standard work on the Ancient 
Volcanoes of Great Britain, 

Unlike LyelL Geikie gained most uf Ins experience by hi* own 
observations in ihe licld. Ill udJihon to I he w ork done i n Ids 
leisure liiue. he was for some year* a member of the field staff of 
the geological survey, and after he had attained higher po>c>. 
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charged mainly with administrative duties he wm constant in in- 
sped ion, On these occasions his quick grasp and wide experience 
enabled him to give much help to his colleagues, but at the same 
rime he made full use of the opportunities for milling to his own 
knowledge. ^Scenery from the point of view of its origin ami geo¬ 
logical significance made a -strong appeal to his poetic instincts. 
Horn, bred, nml E rained in Scot In ml, he hail gazed upon many a 
noble landscape, anil had pondered over the vast effects of denuda¬ 
tion and the characters imposed upon the features of the country 
by tlie passage of icc sheets. HU views are embodied in " The 
Scenery of Scotland," published in 180,% a hook as interesting to 
the nongcological reader as to the expert. - All his lighter books in- 
deed, such as Geological Sketches at Home nnd Abroad and Scot¬ 
tish Reminiscences, were written in a style to appeal la a large 
circle of readers. 

Lute in life he interested himsel f in the early history of geology. 
The Founders of Geology* first published in could oniy 

have been written by one who had a wide acquaintance with ancient 
and modern literature. When railed upon to deliver a presidential 
address to the Classical Association, ho t hose for his subject the evi¬ 
dence from Latin literature of the appreciation of nature by iho 
Romans. Junior on he further developed the theme, ami visited 
Italy in order that he might himself study the landscapes on which 
the eyes of the Human peseta had dwelt. 

Of nil the calls made upon Geikics untiring industry none was 
nmre severe than she production of his educational works. The 
*Advanced Textbook*' la a storehouse of information and a monu¬ 
ment tii the sagacity with which he handled an enormous literature. 
Stupendous as was the lalmr involved, he found the preparation of 
the two little primers on geology and physical geography still more 
exacting—the phrasing waa made the subject of many experiments on 
students before he could satisfy himself that he had secured the 
lucidity that was essential. The two small-scale geological maps of 
Scotland and Lug land, respectively, prepared by him during his 
term of office on the Geological Survey, are admirable examples of 
the pains that he l**>k to secure clearness and what he considered to 
lie correct versions. 

As a lecturer he had many expfricucefl, l»th at home nnd abroad, 
before and (cures of the most varied riinraeter* including the inmates 
of a dejif and dumb institution and the palienLs of the Morningsidc 
Lunatic Asylum. Hr waaalso one of that little hand of dirt in gushed 
men who lectured to working men in the theater of the derrnvn 
* lrwt Muslim. His w ide reading enabled him to choose subjects 
to suit his hearers* and more than once lie enlarged later in hook 
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form on some re^arcK that tie had taken lip for the purposes of an 
address. Masterly and elegantly phrased as his lectures were, they 
never failed to interest; hut in delivering them he was not the eipinl 
of many a fur less able man in rousing enthusiasm in his audience. 

His retirement from the Geological Survey in 1801 enabled him to 
increase his other activities. lie had luren elected to the Royal 
Society in 1805, hud served twice on the council, and had held the 
posts of vice president in 1885—1897, and of foreign secretary in 
1889-1893, After his retirement he served as secretary in 1903-1809 
and was president in 1903-11)12. In 1912 the society celebrated its 
two hundred and fiftieth anniversay, and it fell to Geikie to receive 
an imesampled gathering of distinguished men of science from all 
parts of the world, and to preside at the various functions. During 
this period of his life lie wrote sis or more Ixvnks, besides bringing 
out new editions of his Advanced Textbook and several others. He 
had served on several departmental committees; and on Royal Com¬ 
missions: at the age of 3f> he was appointed chairman of the Royal 
Commission on Trinity College, Dublin. 

The eminence attained by Geikie in science and letters was ac¬ 
knowledged by the bestowal of honors from all parts of the world. 
Space will admit of the mention of those only that he most valued. 
Ry our own society Ire was awarded the Murchison and Wollaston 
medals, by the Royal Society a Royal medal, and from the Ruval 
Society of Edinburgh lie twice received the Macdougsl-Brisbane 
medal. He was also the Hayden gold medallist of the Philadelphia 
Academy of Natural Sciences, the Livingstone gold medallist of the 
Royal Scottish Geographical Society, and the gold medallist of the 
Institution of Mining and Metallurgy, Honorary degrees were con¬ 
ferred on hint hv the Universities of Oxford, Cambridge, Dublin, 
Glasgow, St, Andrews, Aberdeen, Liverpool, Birmingham, Leipzig, 
I'psaiu, and Prague. He was an officer of the Legion of Honour and 
honorary member of a great number uf the leading scientific societies 
at home and abroad. He was three times president of Section C of 
the British Association, and was president of the association in 1892. 
In 1910 bis distinction in the world of letters was acknowledged by 
an invitation to take the presidential chair of the Classical Associa- 
tiim. He was a trustee of the British Museum and a governor of 
Harrow School. In 1891 he was knighted, and in 1907 created u 
K. C. B. In 1918 he received the crowning honor of his life, the 
Order of Merit. 

This crowded life closed peacefully on November 10, 1924. To¬ 
ward the end gradually failing strength prohibited him from leaving 
the home that he had made at Haisemcre, hut his mind remained 
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active to the lust, and it was not until a few months before his death 
that the busy pen mis allowed to rest. From early youth until old 
ngc could no longer be denied his carter had been one of uninter¬ 
rupted progress. When fresh from school he attracted tire attention 
of the most eminent geologists of the time; in the profession which 
lie chose and in the societies which he joined he rose to the highest 
posts; in every country he visited he won the respect of its-most 
eminent scientific men; every function that he attended gained in 
significance and dignity by his presence* 

The keynote of Ms success was industry directed by sagacity, An 
innate love of writing and n remarkably retentive memory kept his 
pen always bray. The most arduous day’s work in the held or the 
office put no check upon bia reading and writing, and both were of 
ihe best, for he loved a good author and had himself cultivated the 
power of narrating the marvels which he had wrested from nature 
in language worthy of the theme, A clear if some what cold judg¬ 
ment controlled his actions* but in Ids biographical work ihe coldness 
was masked by a studied kindliness of expression. Though he made 
many friends at home and abroad, bis sympathies with his fellow 
men were somewhat overshadowed by his love of nature and passion 
for work. He did not seek collaboration, but preferred to work 
single handed, nor could he brook criticism* 

Archibald Gdkie now takes his place in history as one who has 
enriched the world by his labors and Ids writings, and as one of 
those outstanding leaders who has raised the science of geology to a 
higher plane than that on which he found it. 
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Although Ned Hollister's death occurred before his ym hud 
reached the half century murk, the consciousness that he is yone 
brings pangs similar to those evoked by the passing of older natum - 
ists belonging to another generation* He was one of those heart-arid- 
soul, bom lovers of animals, who carry not only an n(Tectionate sym¬ 
pathy for living things hut also a passion for orderiy toow edge of 
them—one of those whose career began m boyhood with.thefoima 
lion of * collection of his own and led on, without bencht of schoo_ 
or college, to mastery of difficult technical subjects as naturally and 

easily as if he had been ordained for it _ 

He w aa born November *16, 1S7S, in Deb van, Wis., the youngfot 
of a family, including also two brothers, Warren I>. and Kenneth, 
and ,i sister Margaret. Ilis forbears were of English blood, one of 
the better known of them being Lieut. John Hollister, who came to 
America in IdtJ and was later prominent in the colonial aliairs ot 
Connecticut. His grandfather was a native of New \ork Mato and 
thence, in 1836, migrated to southern Wisamsm, where be «*tled in 
Rock Prairie, Walworth County. His father, Kinner Newcomb 
Hollister, w*s born near Dclavan on a farm which he continued to 
own after moving into town and opening a store. He sold this 
business to enter the Civil War, where lie was commissioned captain, 
and after the war returned to Deb van to continue m a general mer¬ 
chandise business until his death in 1011. Nod^ mother, Frances 
Margaret (Tilden) Hollister, is still living in Bela van. They be- 
loiuicl to that class of well-informed, prosperous, and independent 
people which mikes nations great, engaged mainly in farming or 
oca^ business connected with fanning. Their home was one m which 
nothing essential was lacking, and while the great outdoors was « - 
" ays at hand, it was supplemented by the socm ami educational ad¬ 
vantages of the village and by proximity to the two large cities 
Chicago and Milw aukee. ___ , 
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Ned's foi riiiiT education was confined to the public schools of Dela- 
van, where hn had the usual high-school training but failed actually 
to graduate, a collecting trip having conflicted with the last few 
days of the Pc-hoo! year. Although be did not go to college* early 
fissodaturns were made by which his natural tendencies received all 
■ that was necessary to give 3dm nn under-landing of scientific method 
and an appreciation uf ab-filute aiM-urucy exceeding that of many 
college trained mm, One of llie first of these profitable contacts 
was with Prof, Ludwig KmuMcn T of Milton College, in the small 
town of Milton. Wis., not fur from Dcluvun. 

Tt is not uncommon for naturalists to show their inclinations early 
in life and they often make real contributions to knowledge while 
still in their teens, but few. if uny* have begun earlier I ban Ned 
Hollister, In Ids joint work with L. Kumlien on The Birds of 
Wisconsin, published in 100$, it is stated thatconclusions were based 
on £55 years' field work by the senior author and 15 by the junior. 
This implies, that Hollister regarded his field work as beginning 
when he was V2 years old* If he says so, we may be quite sure it 
■ 3lit. mu theoretically but actually, and the statement in The Birds 
r>f Wisconsin undoubtedly means that nt least some of the mutter 
published in the honk was founded by definite observatiotis or notes 
made by the boy of 12* Further evidence is shown by the fart lliat 
he began publishing in his sixteenth year, in 1892, when three papers 
appeared under Ids name, one in The Oologi&t and two in a leu flat 
called The Taxidermist, 

Early bird's-nest ini; and texidermir elfoi is were made in the com¬ 
pany of his brother Wnrron. and the collection nf birds* eggs, and 
latterly nf mammals which was brought together was a joint affair* 
Warren only relinquishing Ids interest after he had left home arid 
entered an active life of business* Young Ned and His brother evi¬ 
dently were favorites among a coterie of sportsmen citixenjv of Dc- 
lavnn who took them on their semiannual shooting parties to the 
near-by Takes and prairies where ducks, snipes, and other game birds 
rtbounded. 11 is father encouraged him* and an uncle, Mr. F, K Bur- 
rows, often su'crmipanicd him to photograph birds* nests. On his 
father's farm near JMavan were several thick » holes” which fur¬ 
nished him a private preserve, ami on family farms in Minnesota 
and Florida, he bad welcome headquarters for hunting and collect¬ 
ing. these early hunting aviations were very dear to Hollister 
and in later years, long after he had become immersed in scientific 
study and executive work in Washington t he returned to Del a van 
practically every sen^n to shoot over the old ground and visit with 
what he affectionately and truly termed ^tlie old crowd” for most 
of them were much older than lie. 


XKI* I to] J.[i?TKI+- Oftiflnn 


(JOI 


The life in Dtdavan ? the mrty collecting, and the hunting parties 
with older men formed tn important part of Hollister f s background* 
Good sportsmanship, manliness, loyalty, caumraderlr, judgment, ami 
fun-loving humor were qualities which he jjassessed Uy nature, but 
doubtless I heir development was assisted by these associations;. There 
was another and more intense side to him* however, and this also hud 
a favorable environment. He was the heir, so to apeak, of a line of 
pioneer nut or a lists in southern Wisconsin which included Lap harm 
Hoy, Tliiirij Kuuilicn, and Ludw ig Jvuiulien. The last was the one to 
form the connection and he exerted an important influence upon Hol- 
1 later when he was at the critical age of 19* 

Kumlicn was then teaching in Mihon College and. id i hough Hol¬ 
lister was not a student of the college, he “walked with*- Kumlien to 
better purpose than many of those who were. Shortly after this* 
Hartley Jackson, now a well-known mamntalogigt but then a boy of 
1G and four years younger than Ned. came to Milton College as a 
student and the two were brought together by Kumlien* After Kum- 
Herds early death, Hollister b&cume a mentor fur Jackson as Kumlien 
had been for him. and later was instrumental in bringing Jackson Uj 
J iia preach! |H>Hitum with the Biological Survey. Probably through 
Kumlien, lie became acquainted with others, including members of 
the Wisconsin Natural History Society, &iutuig whom were Dr. 11. V. 
Ogden, Dr* Ernst Copeland, and Dr* G* W. Peckham, of Milwaukee, 
As early as 1802 lie was in touch with the United States Department 
of Agriculture and began collecting birds* stomachs to assist the 
Government work in economic ornithology. It was in this yetir, also, 
that he begun earnestly to collect birdh’ skins a? well as eggs mad was 
soon exchanging and corresponding w ith many prominent mfiitliolo- 
gists. One of them was William Brewster, whose well-known 
warmth toward younger men soon caused llcdlister to send him vari¬ 
ous specimens for determ in at ion and to ask his advice on matters 
concerning them. Just how ihilHster would have developed without 
those favorable influences is uncertain, but one can nut avoid wonder¬ 
ing wluit would be the fate of a boy like him in present times when, 
with rare exceptions, there am no Kumlien* m our small colleges and 
no Brewsters forming private collections. Even as it was, he did not 
liml himself immediately* and for several years after reaching his 
majority he remained in Delavtn assisting in the general stum kept 
by his father. Meanwhile, all spare time was devoted to his collec¬ 
tions and short trips were made at all opportunities. In 1300 and 
I8P7 he had outings In Minnesota near the town of Kinbrae, and for 
three succeeding winter;* a few weeks were spent in Arkansas in 
fjonoke, Arkansas, and Prairie Counties. At this period his interest 
in mammals had been awakened ami he made his first mammal skins 
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for permanent pteservatioJi in 1S9G. At tlie same time, he began com- 
piling a list of the species of Walworth County, Wag, 

In March, liMJl, Ned made an eastern trip to visit: the Smithsonian 
Institution and National Museum, places which had been eiushrined 
in his boyhood fancies. He was always very modest and doubtless 
made no advances to any of the men lie met in Washington, hut the 
following summer he was invited to join a Biological Survey party in 
Texas as assistant to Vernon Bailey. The appointment was for tem¬ 
porary services only, and he gladly accepted for a period of four 
months, June to September, inclusive. In later years, he often re¬ 
lated with much good humor the trepidation with w hich lie went t« 
meet the famous naturalist, whose name he had seen so frequently in 
print and whose prowess as a traveler and discoverer of now mam¬ 
mals had seemed to portend a man of extraordinary physique and 
commanding,, perhaps domineering, character. Ned was by no means 
provincial, but in such rcniiTiiscences always represented himself to 
be; and it was ibis dial gave point, to his amusing description of his 
surprise when he found Mr. Bailey to be a man no larger than him- 
self, quick, wiry, and active, unassuming and sympathetic* Xed*s 
keen sense of humor whs also titillated on this occasion by the fact 
that Bailey suggested that they have u conference in a quiet place 
and for this purpose chose the cemetery in the little village of Jef¬ 
ferson, Tex* He worked with Bailey for a time and came to have 
great admiration for him. Soon proving competent for independent 
assignments he made Important collections of mammals and birds at 
Joaquin, Sour l*ake, Comstock, Fort Stockton, and Davis Mountains, 
Tex*, as well as ut Weed* Cloudcroft, liuidoso, Boswell, and Fort 
Sumner, X. Mex. 

In the fall of 1 DOQ f he returned to Del ll van. went for a deer hunt in 
Vilas County, Wis*, ami then* evidently intending to continue as a 
private collector, he boughL the Kumlieu collection of about 1,500 
specimens and added it to his own in February, 19U3. Kmulieirs 
death in Diwhimber* 1000, after a long illness, was a sad blow, and the 
Birds of Wisconsin, on which the two bad been working for years, 
was left to be completed by Hollister, The winter of 1&02-3, there- 
forCj was spent largely cm this work and the book appeared in July* 
IWlij a model of care and accuracy. A It hough a dozen or more notes 
and short articles had appeared previously, this was hia first lengthy 
publication* 

In the spring of the question of temporary field assistants 
again arose in the office of the Biological Survey, this lime in connec¬ 
tion with an Alaskan trip to which 1 had been assigns*! After a 
word with Mr. Bailey, 1 quickly decided that Ned Hollister was the 
man I wanted and at once mode a proposal to him which he accepted. 
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We met one evening about the first of May in a railroad station ias 
Chicago where we immediately took train for the West, I can never 
forget that first evening during which we became acquainted and 
talked over plans for the summer- Although I hud then been some 
five or mix years on the regular staff of the Biological Survey, and 
el El hough he halfqokingly and self-deprecatingly referred to me as 
li 14 professional* we were about of an age, and the rate at which we 
found common ground on all sorts of subjects has scarcely ever been 
equaled in my experience. Evidently he did not Mild me larger nor 
more muscular than anticipated and I particularly remember the 
droll but emphatic way in which lie expressed himself a a I Jed the 
way from the dining ear to the comfortable smoking coach. u You Ye 
the first Biological Survey man Tve seen” he *xid, u who didn't act 
aa if he thought I was a criminal every time I ill u cigar." 

The Alaskan trip lasted live months, joint work being dune mainly 
in mountains near Eagle anti along the Yukon Elver from Engle to 
Circle. Hollister also did independent work on the coast at Mitkof 
Inland and Kupreanof Island, Alaska, tmd at Steilacoom and San 
■Tuan Island, Wash. One of the mammals obtained at the last lo¬ 
cality was named for him, Ptiromyzctt* numicul&iug Jutllisi&rL 
Throughout the trip, he impressed me more for all-around balanced 
qualities than for outstanding ones. The broad fact about him waa 
the all-embracing character of his love of animals and is a Lure, Down 
to the meanest detail of work, there was nothing connected with the 
observation and study of animals, alive or dead, which did not par- 
take of this love. Each phase of the subject was to him only part 
of otic whole, none of which was to be slighted. The excitement of 
the chose and the exultation of capture nr discovery held great 
charms for him, but the laborious paring of hides and other sup¬ 
posed drudgery seemed to give him no less pleasure. He did such 
things not only with good cheer but with an obvious enjoyment that 
was related not to the work itself hut to its object- The finished 
specimen was to him something to be treated almost as if sacred. I 
have never known a man who, without living meticulous, took midi 
pride in the quality of his specimens and such care of them subse¬ 
quent to preparation. He evinced the same joy and maintained sim¬ 
ilar high standards in method and practice in making field notes, in 
keeping catalogues or records and in publishing results. 

To Ins qualities as a collector and observer was added a charming 
disposition in which modesty, simplicity, loyalty, and good humor 
were the leading features. An amusing incident never escaped him 
nor over lefL his memory, so no one was long In his company without 
being entertained by u dry comment or a humorous anecdote. As a 
field companion, be was delightful and his equal will very rarely be 
found- He loved human beings, as such, regard leas of appear once* 
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or station. and in traveling made friends unions nil Hasses with an 
unerring instinct for those with sound fundamental virtues. He 
was passionately foml of dogs and the only regret he ever expressed 
in connection with long Held trips was that ho could not take his 
dog. His favorite dog was o pedigreed English getter, “Chick 
Stanton” which he had raised from u pup and trained for hunting 
and field trials. During the long field season when I tv m intimately 
associated with hiiti T nothing impressed me more than his lave Tor 
this dog. When other subjects failed, he was always ready to talk 
about dogs, and, at times, it seemed as if he loved “Chick Stanton' 
more than mother, brother, or any human being. That he had a 
sterner side, strong conviction* on many subjects, and great determi¬ 
nation' however, was evidenced in many ways, As a good instance, 
a misfortune which befell him when he first began collecting mam- 
mala in Dele van may he cited. While he was skinning n slightly de^ 
composed skunk, one of his fingers became infected and a hud case of 
blood poisoning *et in. The whole arm was soon affected* discolored, 
and menacing in ftppeomneeto such an ©-stent os t«* have caused panic 
in a man not endowed with nerve and determination* The local doe* 
tors, fearing the possible loss of his life, decided that amputation of 
the arm at the shoulder was the only safe course* When this infor¬ 
mation was given to the patient, he told them that Ids ambition to be 
a one-armed man was absolutely nil and that rather than permit 
them to o]?erate he would take the small chance of life which they 
offered as the alternative. 

On rot liming from Alaska in October, 1903* he again went to 
Del a van and again worked with his father in the store, but a few 
months later accepted another special detail from February 7 to 
April 10, 1904, as the representative of the Biological Survey on a 
hunting trip to Louisiana in company with Mr, W. E. Forbes, of 
Boston, and the well-known guide, B + V r Lilly* In June of the same 
year he was appointed tu the field staff of the Biological Survey 
and, with the exception of a short furlough in the spring of I'M Mi, 
was continuously employed in the field or in Washington until 1010* 
During this period lie made two long field trips. The first begun in 
Promontory, ttah, June 5, 1904, and ended at Magdalena, X. Mex., 
October 2*% 1905. It covered some 40 localities in the States of 
California, Oregon, Nevada, Arizona, and Utah, The second lasted 
from May 0 to November 2, 1909, and was entirely in California. 
Uis collections for the Biological Survey reached a total of 3*625 
mammals and i,50& birds. 

It was not until mid year in after his long irip in the West 
and his subsequent furlough, that he found himself in Washington, 
authorized to do something for the Biological Survey other than 
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field work. His gen i to in the museum was immediately recognized 
and he was placed in charge of the care and arrangement uf the lingo 
tiiumirial collection brought together by the Survey, IV this task 
he brought all the enthusiasm and devotion he had given to his own 
collection in Delavan. Results were soon apparent, and there was 
no doubt among older heads that in Ned Hollister the Biological 
Survey hud a ; ‘fin<l. ,f At the age of 30, largely self-taught, and 
having an experience mainly of held work, lie began to delve into 
the literature of mammalogy and to show a capacity for straight 
thinking on matters relating to classification and nomenclature ihuL 
was surprising. It was simply a part of his great love for the 
entire subject and, like the rest of it. ho did it thoroughly and well. 

On April 1$, I903, he was married to Miss Mabel Pfrimuicr, <if 
Kent land, 1ml. A house was bought in Washington and twuks and 
other personal property were moved from 1 Mu van. After a long 
series of temporary appointments and furloughs, he was settled with 
definite prospects of being aide to pursue the study of the subjects 
upon which his heart was set. His wife brought » fine sympathy 
for his work and, especially by an extensive knowledge of modern 
languages, was able to lie of material assistance to him. 

Late in 1900, Hollister accepted an offer of the position of assist¬ 
ant curator of mammals in the United States National Museum and 
took up his duties there January 3,1910. Outwardly and aside from 
the slight increase in salary, the change may have appeared to some 
as mainly one of title, for at first it merely meant moving into u 
new office and working on another collection housed in the same 
building, I kit the difference was a very great one to him, for if 
ever there was a man who belonged in a museum and nowhere else 
it was Ned Hollister. Frum the days when the '* Hollister Brothers 
Museum ” grew from a single eowbirJ’s egg to the full occupancy 
of two rooms in the Delavan home, nothing was more evident than 
his passion for all phases of museum work. His first task in the 
National Museum was a staggering one. but he went to it single 
handed as blitliesomely as a school Iwy sent to meet his fill her at 
the circus. The new building had just l«cn completed and the mam¬ 
mal collection was moved to it in April, H>10. Mr. Miller, curator 
of the division of mammals, was absent in Europe and, therefore, 
Hollister found himself with the entire responsibility for moving, 
installing, and rearranging the great reference collection. His own 
report of the first stages of the work, submitted to tin* head curator 
of biology July l, and published in the Museum's annual rc|mrt, 
is os follows: 

After the study skliu were noml to the new ImlktltiK, late in April, wnrlt 
was m ohei* Im-kuii uil “ thorough a ml careful ayatetnatlc! arraasmu-nt of the 
entire cntleetloa, no taully aeerted for many yrnr»- The I’rlraaic*. Carnivore, 
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UcfmUua, Edentata, MUnHlikiallA and HanotMmAU are now eoUrelr immg©l 
in the new i-£lsch 1b perfect sy at elastic order, bo that any jiartlenlar specimen* 
or all of the BpeclwtJia of n given KTOJJE enn be found at A tnoments iioHce. 
It Lu now pcttdblft to ascertain. In a short iimt p just wl»at ff|»cJmons tfce 
museum possesses in any genus of these groups, and what material would be 
desirable to build up ami Jill out the collection at Its weak points 

How much this means can only be appreciated by those f ami Liar 
with the conditions under which tire collection had been kept for 
years in the old National Museum building where some T0,OOO speci¬ 
mens had been crowded into spare scarcely sufficient for one-fourth 
that number. The work so well begun was continued until all groups 
were covered and for the first time in the memory of anyone now 
living the mammal collection of the National Museum was or¬ 
ganized and systematized as a mammal collection should lie. The 
groat series of skeletons and the very numerous skulls of large size 
unaccompanied by skins also were overhauled as well us the bulky 
and very valuable cetacean material so wall represented in the col¬ 
lection. Nothing was slighted, but even Hollister could not stay on 
such a task continuously, for there was so much of interest to be 
done in other ways. So. with Mr. Miller's encouragement, he seized 
all opportunities to eider into the study of exotic mammals, a sub¬ 
ject which was new and very attractive to him. In this way, in a few 
years, he familiarized himself, so far as they were represented in the 
Museum, with the mammal faunas of tropical America, the Philip¬ 
pine Islands, Celebes, China, Siberia, and eastern Africa* He pub¬ 
lished numerous papers covering a wide range of subjects and soon 
became recognized as one from whom sound, carefully considered 
contributions were to expected. 

He continued in this way for nearly seven years, only interrupted 
by two important field trips in 1011 and IP 12. The first of these was 
to Jasper Park und the Mount Hobson region of the Canadian 
Rockies, where he was in charge of lhe Museum party including 
J* H, Riley, C. D. Wolcott, jr., and H. M. Rliigdon. acting in co¬ 
operation with the Alpine Chib of Canada which afterwards pub¬ 
lished hk detailed report. The second trip also was cooperative, 
being made in conjunction with Dr. Theodore Hyman, of Boston, 
and llie Museum of Comparative Zoology', The objective was the 
Altai Mountains of Siberia, entailing a journey to St Petersburg 
and thence across Russia ami Siberia. Although the entire trip 
lasted only four months and bad weather conditions were en¬ 
countered, an important collection of mammals was made, includ¬ 
ing 13 new species and subspecies a^ well m many others theretof at e 
unrepresented in nry American museum. 

Hollister*® life, while? directly connected with Ihe National Mu- 
soum, was one that appeared to satisfy him Completely. So fascb 
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natcd was he with the nature of his work and so engrossed in each 
problem encountered that he was accused of neglecting his friends 
and failing to enjoy the social advantages with which Washington 
abounded." Therefore, in November, 1016, when lie was invited to 
become superintendent of the National Zoolu^ieal Park, which, like 
tlie National Museum, is a subsidiary of the Smithsonian Institution, 
he perhaps accepted with some misgivings. Although by his trans¬ 
fer the Zoo gained a very competent officer, the Museum lost one 
of the most gifted and devoted curators who ever sat in one of its 

offices. 

Aes superintendent of the National Zoological Park from Noveiu- 
l>er. 1916, until the date of his death, he Jed a somewhat different life, 
still In Washington, still with many of the same personal associates, 
and still iu touch with the National Museum, hut with many ex¬ 
ecutive and administrative responsibilities which deprived him of 
coveted time for study and research. Uis broad knowledge of 
animals und his genius for order and system were brought, to beai on 
the problems of the Zoological Park with signal success. During 
his administration, the collection of living animals became larger 
and more varied than at any previous time. The attendance in¬ 
creased until it reached a total of 2,4(MI,UOt) visitors in 19*23, The 
grounds and animal quarters were improved in many ways. The 
deer and other ruminants were given increased space, and their 
yards, formerly much scattered, were brought together systematical¬ 
ly to form all orderly and instructive scries. One project in which 
he took much personal pleasure was the forming of a special collec¬ 
tion of American waterfowl, A small pond, previously used for mis¬ 
cellaneous birds, was surrounded by enlarged space and made es¬ 
pecially suitable for this purpose. The collection grew to contain 
some 40 or 30 species and the conditions were so arranged that 
nearly one-fourth of them laid their eggs and hatched young an¬ 
nually. In presenting the needs of the park to Congress, Hollister 
was also successful iu years when appropriations for such purposes 
were very difficult to obtain. Largely through his efforts, n valu¬ 
able frontage on an important street was purchased and added to 
the pork area, thus insuring a highly desirable approach which 
doubtless will be greatly appreciated in future years. In his rela¬ 
tions with the numerous employees of the park, from gardeners, 
gatekeepers, and policemen to office associates, he was exceptionally 
sympathetic and universally popular. Besides his annual report, 
which was prepared ami published each year, he produced u popular 
illustrated guide to the animals in the park which had a large sale, 

probably exceeding 30,000 copies. 

Despite the distractions of his responsible position, Hollister still 
found time for research, probably in many cases by burning the mid- 


008 ANNUAL HEPURT KttLTHiOJSIAX lN9TLtlTTlON t IDS5 

night oil. Hi* output of shorter papers continued at a somewhat 
reduced rate, but was still varied in character* During his last years 
he was occupied chief!j with a large work involving much biblio¬ 
graphic search and much handling of material* This was hm East 
African Mammals in the United States National Museum, which 
appeared in three volumes in 191,8, 1910, and I9£2«4 f respectively. It 
was his most important contribution to mammalogy. Ostensibly a 
report on the East African collections made by Theodore Roosevelt* 
Pun l Rainey, and others, it was in reality a full resume of the his¬ 
tory,. nomenclature, and relationships of one of tile largest (prob- 
ably the very largest) mammal faunas now existing. With the 
possible exception of his good wife* no one knows the amount of 
fidelity and care ha devoted to ibis nor under what difficulties it 
was done, 

Hk full bibliography appears at the end of this article. It 
may be said here only that U com prises well over 15U titles, im¬ 
portant among which are: The Birds of Wisconsin (190S), A 
Systematic Synopfch of the .Muskrats (1911). Mammals of the 
Philippine Islands (1911), Mammals of the Alpine Club Expedi¬ 
tion to Mount Robson (1913), Mammals Collected by the Smith- 
soman-Harvard Expedition to the Altai Mountains (1913), A Sys¬ 
tematic At count of the Gnu&hopi>ur Mice (1914)* and East African 
Mammals in the United State* National Museum (ISIS—1919- 
HB3). In the course of his field work* lie collected the type -sped- 
men* of :tti imimmuH and the new mammals named by him total 

Mr. Hollister was a member of various scientific societies, many of 
which saw fit to honor him with office ilh well us to avai l themselves of 
hi* most ca|iahle serviced He was for a time an associate editor of 
the Journal of the Washington Academy of Sciences, having served 
his apprenticeship on the publication committee of the Biological 
Society of Washington* In M©1 the Biological Society elected him 
its president* and his mune was tints added to a to* ter of press dents 
iDeluding most of the leading zoologists and botanists who have 
lived in Washington during the past half century * He was a cor¬ 
responding member of the Zoological Society of London. Ho was 
on- of the signers of the original call for the organization of the 
American Society of Mtimmatogist*. and one nf the principal par- 
ticipants in its actual launching* At the meeting in April, 
1919, discussion quickly focused on whether or not Hollister would 
nr could find the time to wrvfl gmluitmiriy as editor of the Joumal. 
He would* and he t-tniM, and he did with such results as all of us 
have seen, in the faultlessly neat, accurate, and scholarly journal 
which he has produced for us for the critical period of the first 
five year* of the tOCMv’s existence. That it ivus no small burden to 
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him there can \w no doubt. At a tiperinl meeting of the directors of 
the society held November IffcM, n brief memorial rcsolutlim was 
adopted, and it may bn ventured that no board of directors ever 
pnssed n similar resolution in which the literal sentiment* expressed 
wens more keenly felt by every member. It is ns follows: 

In the ileuth ol fifed tTrtHfater H charter man bar uml editor of our Journal 
since ITU «?MIla 1#] 14*tim«-FiT- 111? Aiisurk r au Stttatjr of Atnmmalo*l*t» tin* unstained 
hu Imfumlde lost, Bat moat of nil each of us mourn* the departure 0! a warm 
penwnal friend. We rtiaU Iona mitt him f*«r |if» euugeulal nmuMiuloiiahlr, hla 
rendv hc]|jfo]D^ his uuroryh]^ jmtli-ijiv. h\* keen Intel Iwi. hi# scientific skill, 
his liicrllMK worth. Thcrtfim? we, reprc^ntatlm of the wrfctj 1 * hewbj record 
our deep grief In ibe loss of our friend and coworker, inn! our keen opproelnllon 
of his rare imaliile* us a *:1enll*r and jus n man; and we evtopil to lit* In mired 
widow, hi* mot ho r, his limthera ami slslor, our hnirtO'U *ympiin£ in the e renter 
iioinrow which is theirs. 

Xo further summary of ids character and achievements scents nec¬ 
essary* A man loved, respected, und honored hm jLp^ne from a small 
company* It is t indeed, n very ^ma!l company, for if we take stock 
of ourselves, we can not but realise how few it re the real students of 
mnmu 111 L-. The ty|>e represented by Ned Hollister in one which, 
under present economic and soda! conditions in tins conn try, seems 
threatened with extinction while yet the need for it continues to be 
very groat* Therefore, Ills passing before his time is the more to 
be regretted. We mourn a genial friend beloved for his attractive 
human ijimlltio. and we deplore the absent of a colleague of trained 
ability; but, when we look for his like among the coining generation, 
wc are brought to the distressing realiralion that ibis is not all, for 
no une stands ready to fill the gap in the ranks. 

Ill BLIOGR A PHY OF NED H 0 M 4 STER* JOZIES* 

Hollister’s first paper, The House Sparrow in America, was pub¬ 
lished in Jus Jiuit A Modem Menagerie: More about the Na¬ 
tional Zoological Park, appeared in 19S5 P nearly a year after his 
death. The total number of titles that I have been able to find is 
165 , Preparing this list has liven made easy by the systematic and 
careful manner in which all of the articles up to the end of 1022 had 
I wen catalogued find bound by their author. These humid volumes, 
through Mrs. IlotliaterV kindness, ore now at my disposal Without 
them it would have been nearly impossible to find many of the 
earlier printed notes so important to am understanding of the writer* 
later development. In these short articles written by the boy of 10 
to S£0 years we already tee that combination of mihusiami and clear 
judgment which afterward became the main characteristic of the 
trained zoologist. “Floridan KmW b printed in The Ootogirt of 
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June 1893, before its author was IT years old, is a good example. 
The later papers a re noteworthy for clearness and convenience of 
arrangement, for the soundness of the views which they contain* 
and for the breadth of the field which they cover. 

Up to mid including the year 1908 Hollister's publications relate 
exclusively to birds. From 1909 onward they are chiefly devoted 
to mammals* with occasional returns In the field of ornithology and 
a single excursion into herpetology (February 17, 191$; Xo. 58). In 
the lists which follow I have first enumerated the titles chronologi¬ 
cally, and have then arranged lhe 167 new names—generic* sub- 
generic, specific, and stibspcdfic—alphabetically* placing after each 
the serial number of the article in which it was printed and the page 
on which it first occurs, 

3M 

T The Home Sparrow in America, TaxtecrmUt, vul, 1, pp. 121-122. April, 
IgtKL 

2. Notes from Senjlhern, Wisconsin. OatOffMi Viil* U, pp, 347 Msiy* 181)2. 

3- WlieonsLn Swallows,. Tfl.ri{ffTmt*f + VoL 3, pp, 150-152, Jtme R 1S62, 

180$ 

4, fiorldsn Races. Oofapfst, vnL ID* pp* 176-178. June, 1£S3- 

5, Each* la Southern W fine ns In* Qmithnfoirtet nad Oologitt, toL 18 b pjt 

128^12P, September, 18SG. 

1884 

S, Same Winter Bird Life, Ortopixl, voL 11, ppt SOT-203, June, 1894. 

1886 

7, Notes from Southern Wisconsin* Bulletin, No, 8, pp, 2-3. Mny 30, 

i tm, 

8* Evening Orosbeal la Boa the ra Wisconsin. Am Jc t to!, J3. pp, £S39-28k Julj 
1S0& 

P, Recent Record of the Ikneager Pigeon In Southern Wisconsin, Auk wd 
13 h p, 341, October, 1300. 

1897 

10. To nag of the RUf fleer (AcginUtli voelfem), Wilson Bulletin, No 12, i. 4 

Janxmrr 30, 1S07, 

11. Soathera Wisconsin Notes* iFftson BuItrtfM, Na 12, pp, i^r> January 30 

1897, 

ltBfi 

12. Passenger Pigeon Note. /fecnratlcH*. vo-1. || p p. 134. Aupmt, |gOO. 

1901 

IS, ffeiminthophiin ptinot in Wisconsin. Wftnn tftrtfcjfn. No 3.1 tip 6040: 
MnjSO.lML " 

14, OsNKt of Babine* Gmll In Wisconsin. A uk t fol IS. p, 802. October, 1001. 
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IfiCS 

15. Notes on the Winter Birds of Artannas, IfEitffi fluffeflii, No, 34 pp. 10-15. 
March, 1902, 

18. The Yellow Roll (Forxana doreboracensis) in Wisconsin. .lirir, vo|. 10 F 
p. m. April. 300(2. 

1903 

17, The Birds of Wisconsin, Niff. irfncfrpufn 4 Vaf r Bith tfoc. h voL 0„ pp 1-1-13, 
January. April, nml July, lOOfl. 

IMS 

18* As to Spring Shooting ftamaffon, voL 27, p. 80. FctiTOiry, i00& 
ifl, Breeding of the Acadian Owl in Newton Cofinty, Indiana, Auk, voi 25, 
p. 22L April, 1008, 

I 1 !!. Birds of the Hcglon about Needles, Calif oral*, AuJt, toL 25, pp, 455-482, 
October’, 1006, 

1909 

21. Two New Bats from the Southwestern United States. iVoc. Biot Koc. 

Washington raL 22, pp. 13-J4 March 10, 1009. 

22. Notes on Wisegiuln Mammals. fluff. WUam^tm Nat HUt. floa. toL 0. ppi 

137-443. (October, 1008} F April, 1900. 

2H. The Last Be cords of Beer in Walworth County, Wisconsin, fluff, Wisconsin 
Nat. JTM Nm*., toL 8. pp, I4:M.44. (October, 1908.) April, 1000. 

mo 

24. Descriptions of Two New Mnikrat*. flr&r, fffaf. floe. HTuhfnytoA. vqI 

23, pp. 1—2- February 2 r 1010. 

25. Mammals Collected by Jehu Jay White in British last Africa. SmUhmtfm 

Mite, toL CO, No 2, pp 1-12, pt*. 1-2, March 31. 1910. 

20. A Check-List of WlKomtD Mammals. fluff. WitoOnnn Nat, Hist. Boc. f TOl 
8, pp. 21-31. (January, I&i0) f Hny 7, lOlO. 

27. Notes on Seme Names of Lions. froc. Biot Sac. WaMhington, tot 23, 

n. 123. September 2, 1910. 

28. A New Muskrat from the Great Filing JYw. Biol, Soo. Washington, voL 

23, pp. 125—128. September 2, 1010. 

20. Two New African Balds. Smithsonian Misv. Coff., ruL 54 No. 13, pp. 1-3, 
October 19, 1010. 

1811 

30. A New Mnik-Dcer from Korea. Proc. Bit>l. floe, Wa*Mn&tvtt a vrl. 24, pp. 
1-2 Jnnnnry 26, 1911. 

EL The Generic Name of the Mnsfcrat. Fiw. flttf. See. WaMhinfftan, voL 

24, pp. 13-14 Jnnnnry 24 101L 

32. The Typo Locality of KeLUrora abysslnica. PfO€L Mol. Boo. \Va thin? ton, 

fuL 2i> p 37. February 24, 19U. 

33. Now Bird Records for Del a ran. Wisconsin, fluff. Wtimnsin Nat Hist fleer., 

rot. S, PP, IST-m t October, 1010), Mnrrh 20, 1911. 

34. Remarks on the Long-tailed Shrews of the Eastern United Stales, with 

Description of n New Species-. Prac. V . fl. Nnf. Jfu#., yo\. 40, pp. 377-33L 
April 17, 1911. 

35. A Systematic Synopsis of the Hnskrats, Narth Amor, Ftiuna T No. 02, pp. 

1—4iT, pin. 1-41. April 29, 1911. 
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34L Two New Species oJ Epimys from Luzon. Prcc r tHftl . fine. Wathimptan^ vo! r 
24 s jip. S3 »0. iluy 1E„ 1011, 

21?. The Louisiana Email. /Vi.r Nfrrf. hVir. II ht^A iN^n-n, vnl. 24< fiyp. ILii-lT*. 
June IfL im\. 

^S- Description Of A New Philippine FEyin^-SquirreL PrNr L _ JJfoJ, -V<h:. llV^ft- 
fitp/oti, tf»L 24 r pp, lav ish Jane? 23, 1&1L 
■EL The <3enct‘ic Name of the African Buffalo. J'fnr. ffiaJ, 11 44 ftruiT^rr. v4. 
21, pp t 191-1D4. Jnpr 23 h inn 

DA Tite Nomenclature of the Cheetahs. Proc, JJiaL £ee, l^vaAfn^fon, v<il r 

24, p|k 225-22G. October 31, MUL 

42. Four New Mnnirnali from the Canadian Rockies. Smiih*onitin .Ifi^, CtiH,, 
voL -ill. Xfi, 2(1, pp. 1 4. Hm'i&hc-r f>, 1011. 

191H 

■12, Descrip ti □» of n now Water HC mi goose from East Africa. Pror. jM&J. Nor, 
lruH-Afnjfoii, *4. 25, ppL J ”2r Jnnonry 2fL 1912. 

13, New Mammals from Canada, Alnskti, nn4 Kamchatka, Smith f*ninn 
OjN F I 4 , m, Sa r 33 f pji. 1 -S r p| H . 1 - 3 . Fetrunry 7 , 10 I 2 r 

44. Description of a new subspecies of Monkey from British East Africa. 

NwfrAflftnfrm r'rjPL, vi>L 51?, So, Sl> pp. 1-2- MflreH 2. 1912 

45. Two new American Pikas. Prt«*_ Sm, \Y(?*htn&t<in r vrO. 2", pp. 37-5$. 

April 13 J912. 

4(J. The Trinidad Opossum on Martinique. P*ye r Jfiof, NdH ll'njrhfiifffon, voL 

25, :■ iurt May 4, mi2. 

47. The Mona lion key < n TsEapd of St, Ritt;*, Pm?, Btbt, llWitrrfrf an, 
v4 2-l r 1IL !Cl. M«J 4. 1012. 

4& The Earliest anme for the Cape RriteL I'roe. iJioJ. ll ci^/r nj^/^n 4 ft>l_ 

25, p. thi Mcty 4. NUSL 

4!|l A list of the M is mm ali nf the Philippine Islands. exclusive of the Cetacea. 

r /2.- / p /mVe|j^ii'mp J^um, RcL P voi. Tp pp 1 PA. Frtiniuy, 1 EM2 
!W. Some Errcneotr. Wisconsin Bird Records. JtrJt, vul. 29, pp. 307-309. July 

ftp 1012. 

51, New HarnmaU from the Hlghlandi nf Siberia, SmIfh*mSun \fisc. PoU„ vnL 
lllh No. S I pi'- I NofCtnlwr 20, ISM 2- 

;.2 Five New Mammals from Alia. Pm, tiioL Six;. IOHrhfng/ 013 , vu| T 25, |>p. 
isi 1S4. ihwmlw-r 21. 1012. 

Et* The Names Of the Rocky Mvj n n l a I n Gnat*. Piuc r Nj'oF. h'ur. 11'nch Pi ^ 
vol. 25, pp, 1S5-]S0. HecviiibeT 24. JD12. 
r>l. On a specimen of OtU ratlfornlana Donglas in the National Mnscum, Prttv. 
PUsI, fior*. TFaaftfnp/om vol. 2". \\ 1^7. December 24, 1012. 

ISIS 

!M1 Tw " pew «latcJ to Mnatla fn>c. Mol. Soc. WtuMnpttn, 

™L L»1i. p Vr 1-3. JhiKtnrj IS, 1(113. 

D«9riiptfou D f „ ttcW Outlie /rora Sorth^tstfro Uonffolin. Umilh/ioniav 
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